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<DNJERSION mcroRS

For readers who prefer to use metric units, roJ1llersion factors for indl
lX)und units used in this report are listed below:

Multiply inch-pound units

acre

acr~foot (acr~ft)

cubic foot ~r second (ft3/s)
foot (ft)
foot ~r day (ft/d)
foot squared per day (ft2/d)
gallon ~r minute (gal/min)
inch (in)

mile (mi)
square mile (mi2)

0.4047
0.004047
0.001233
0.02832
0.3048
0.3048
0.0929
0.06308

25.40
2.540
1.609
2.590

To obtain

square hectaneter
square kilaneter
cubic hectaneter
cubic meter per second
meter
meter ~r day
meter fquared ~r day
liter ~r second
millimeter
centimeter
kilaneter
square kilaneter

Water
coJ1llerted

tem~rature is given in degrees celsius
to degrees Fahrenhei t (OF) by the

OF = 1.8(OC) + 32

DEFINITION OF TERMS

Chemical Classification of Ground Water

(OC) , which can be
follow ing equation:

Water quality in terms of concentrations of dissolved solids has been
classified as follows:

Classification

Fresh
Slightly saline
Moderately saline
Very sal ine
Briny

Concentration. in milligrams per liter

Less than 1,000
1,000-3,000

3,000-10,000
10,000-35,000

lttJre than 35,000
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HYdrologic PrOPerties of water-Bearing Materials

Lohnan (1972) and Hood and Ianielson (1981) have defined hydrologic
pro~rties of water-bearing materials. Porosity (N) is defined t¥ Lohman
(1972, p. 3) as the ratio of the volune of interstices to the total vo1une of
a rock or soil, expressed as a fraction or t:ercentage. Hood and Danielson
(l9ffi., p. 5) define hydraulic oonductivity (K) of a water-bearing material as
the volune of water that will JOOIle through a unit cross section of the
material in unit time under a unit hydraulic gradient.

Trananissivity (T) is defined 1:¥ Lohman (1972, p. 6) as the rate at which
water of the prelTailing kinanatic visoosity is trananitted through a unit
width of the cquifer under a unit hydraulic gradient, and is equal to the
average hydraulic oonductivity of the aquifer times the thickness of the
cquifer. units are feet 5:Iuared per day. Lohman (1972, p. 8) defines storage
coefficient (8) as the volune of water an aquifer releases fran or takes into
storage per unit surface area of the aquifer per uni t change in head. '!he
storage coefficient is dimensionless.
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GIOJND-WATER CDNDITIDNS IN '!HE KAIl?AR(}lIW ILA'IENJ AREA, UTJIH

AND ARIZONA, WI'IH EMRIASIS ON '!HE NlWAJO SANOS'IONE

By Paul J. Blandlard
Hydrologist, u.s. Geological Survey

MS'IRACI'

'!he Kai:r:arCMits Plateau area is located in amtral Garfield and eastern
~ne Cbunties of Utah and north-~ntral Cboonino Cbunt¥ of Arizona. 'lhe area
covers about 4,850 square miles and includes the drainages of the Escalante
and Paria Rivers, and several smaller drairages to the Colorado River I::etween
the Escalante and Paria River drairages.

'!be consolidated-rock aquifer that has the most potential for ground
water developnent is the Navajo sandstone of Triassic(?) and Jurassic age. 'lhe
Entrada Sandstone of Jurassic age is a secondary cquifer, and the Wingate
sandstone of Triassic age presently is not developed but potentially is a
significant cquifer. '!he top of the Navajo sandstone ranges in depth fran the
surfa~ near Boulder, on the Paria Plateau, west of the East Kaitab monocline,
and in the caIWons of the Escalante and Paria Rivers, to as deep as 4,500 feet
belCM land surface in the ~nter of the KaiI;BrCMits Plateau. 'lhe cquifer is
confined raturally under the Kai:r:arowits Plateau and near where u.s. Highway
89 crosses the Paria River, and artificially along the shores of Lake Powell.

Annual recharge to and disdlarge fran the Navajo Sandstone is estimated
to I::e I::etween 8,300 and 16,900 acr&-feet. 'lhe maj orit¥ of recharge occurs 1:¥
inf il tration of precipi ta tion into the Navajo Sandstone outcrop, es~cially

from snCM:r:ack at higher al titudes on Boulder Mountain, and where the Navaj 0 is
extensively fractured, for example, west of the East Kaibab monocline. The
amount of reCOlerable water in storage in the Navajo sandstone is estimated to
I::e al:x:>ut 190 million acr&-feet.

In areas where water table condi tions exist in the Navaj 0 Sandstone,
water is generally fresh (oontains less than 1,000 milligrams per liter of
dissolved solids). In areas where water in the Navajo is oonfined, water is
generally slightly saline (contains 1,000-3,000 milligrams per liter of
dissolved solids). Dominant ions in areas of water-table conditions are
calcium, magnesium, and bicarl:x:>rate. In areas of oonfined oonditions, sodium
and sulfate are the oomirant cation and anion in the water.

Inundation of Glen carwon and tributary carwons t:¥ Lake PCMell has caused
a large increase in the altitude of the p:>tentiometric surface near the lake,
as much as 357 feet at well (A-41-8)4dda-l, about 2.2 miles from the lake.
Some increase in the altitude of the p:>tentiometric surface has occurred as
far as 11 miles from the shoreline of the lake.

Inundation has caused changes in the dlemistry of ground water near Lake
Powell, primarily where the ground-water level has increased to an altitude
higher than that of the Navajo Sandstone-carmel Formation oontaet. Major ion
chemistry has been altered, the most notable change being an increase in
sulfate concentration and a decrease in bicarbonate plus carbonate
oon~ntration. Analyses of water fran three water-supply wells in the Glen
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carwon National Recreation Area have shown arsenic concentrations in excess of
the maximum recommended for drinking water.

The Kaiparowits Plateau area contains large quantities of energy
resources. Because of the small amount of recharge to and natural disdlarge
from the Navajo sandstone in the study area, large withdrawals, such as those
required for continued exploration for and development of those energy
resources, primarily would be f rom storage rather than f rom diverted
discharge.

INTROIlJCI' ION

Purpose and Scope of the Stugy

'!his reIX>rt presents results of imestigation of ground-water conditions
in the Kaiparowits Plateau area of south-central Utah and north-central
Arizona (fig. l). The area is under investigation for development of its
large quanti ties of energy resources, primarily coal. Production and
trans};X>rtation of those energy resources would r8;luire attendant dev'elopnent
of water resources. '!he pur};X>se of this study was to determine the
availability and quality of ground water in major a:}uifers in the area--namely
a:}uifers in the Entrada, Navajo, and Wingate sandstones; em{ilasis was on the
Navaj 0 Sandstone. '!he study was made by the U.S. Geological Survey in
cooperation with the Utah Dep:lrbnent of Natural Resources, Division of Water
Rights. Field work was dolE intermittently during July through october 1979,
and October 1900 through October 1981.

Previous Investigations

SeI1eral workers have made reconnaissance appraisals of ground water in
the Kaiparowits Plateau area prior to this study. Gregory and Moore (1931)
reported on a geograFhic and geological reconnaissance of the Kaip:lrowits area
in which they briefly described ground water in the area. Goode made two
~drologic reconnaissances (1964, 1966) in western Kane COunty, utah, which
incl uded parts of the Wahweap Creek and Paria River drainages, and one
reconnaissance (1969) in the upper Escalante River drainage. COoley (l965)
made a detailed spring imentory in Glen canyon and tributary canyons, most of
which are now occupied by Lake Powell. Feltis (1966) compiled information
about wells and springs in the COlorado Plateau, including most of the
Kaip:lrowits Plateau area. Price (1977a, 1977b) compiled two maps dealing with
the ground-water availability and quality in the Kaip:lrowits coal-basin area.
'!he Kaiparowits coal basin includes much of the Kaiparowits Plateau area
described in this re};X>rt. LeI1 ings and Farrar (1978) iwestigated ground-water
condi tions in the House Rock area of Ar izona, which includes all of Ar izona
under consideration in this study. '!he information collected I::¥ LeI1ings and
Farrar has been used extensively for the Ar izona p:lrt of this report.
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General Description of the stuqy Area

'!he Kaiparowits Plateau area is in central Garfield and eastern Kane
Counties, Utah, and north-central Coconino ColU1ty, Arizona. '!he area includes
the drainages of the Escalante and Paria Rivers, and of several smaller
tributaries to the Colorado River loca ted between the Escalante and Paria
Rivers: wahweap (the largest), Warm, Padre, Last O1ance, and Rock Creeks (pl.
1). '!he entire study area covers about 4,850 SIuare miles.

The Kaiparowits Plateau area is part of the Colorado Plateaus
IbysiograIbic prwince (Fenneman, 1931, p. 274-325). '!he prwince generally
consists of nearly flat-lying sedimentary strata that are reeply incised by
major stream s¥stems and interrupted by generally north-south trending
monoclines and structural domes. Extrusive and intrusive igneous features are
found intermittently throughout the prw ince.

'Ihe Kaip::lrowits Plateau oonsists of nearly flat-lying sedimentary rocks
and O\I'erlies much of the Kaipuowits structural basin. It is munded on the
west by the Cockscomb, a hogback formed along the East Kaibab monocline, and
on the east by the straight Cliffs, a CLEsta formed along the west limb of the
Circle Cliffs upwarp. '!he area, about 1,670 square miles in extent, all
drains to Lake Powell on the Coloraoo River.

'!he Paria River basin is west of the Kaiparowits Plateau and includes
about 1,410 square miles. Kaibab Gulch and Paria Qinyon are significant
erosional features that have been incised into the Navaj 0 Sandstone. The
maximun depth of Kaibab Gulch is amut 700 feet, and that of Paria Qinyon is
about 1,000 feet. Paria Qinyon separates the Kaiparowits Plateau to the
northeast f rom the Paria Plateau to the southwest.

'Ihe Escalante River tasin lies north and east of the Kaip:irowits Plateau
and incl udes about 1,770 SIuare miles. '!he canyons of the Escalante River and
its tributaries are cut primarily in N~ajo sandstone, and the river is
incised in places as much as amut 1,000 feet. 'Ihe southern flank of Boulder
Mountain, the only igneous feature in the Kaip:irowits Plateau area, is in the
northernmost p:irt of the Escalante River tasin.

Altitudes in the Kaip:irowits Plateau area range from 3,116 feet at Lees
Ferry, Arizona, to 11,328 feet on Boulder Mountain. The altitude of the
Kaip:irowits Plateau ranges from about 5,000 feet in the south to about 7,000
feet in the north, and the al ti tude of the Paria Plateau ranges f rom about
5,000 feet in the north to amut 7,000 feet in the south.

'!he climate of the study area is dry acoording to the classification of
Trewartha (1968, p. 358-369, 370-381), with annual evapotranspiration
exceeding annual precipitation. Trewartha's classification indicates that the
study area's lower al titudes are arid or desert and the middle to upper
al ti tudes are semiarid or steppe. The uppermost al ti tUdes have a highland
climate. According to Strahler (1970, p. 166-168, 227-244), vegetation types
vary from sagebrush-scrub in the lower altitudes to pinyon-juniper forest in
the middle altitudes to needl~leaf forest in the uppermost altitudes.

Much of the land in the study area is administered by the Federal
Gwernment, primarily by the u.s. Bureau of Land Management (BLM). Included

4



in BLM-administered lands are the Paria Canyon Primitive Area and several
areas near the towns of Escalante and Boulder designated as Outstanding
Natural Areas. '!Wo areas under jurisdiction of the National Park service lie
partly in the study area: Bryce Canyon National Park in the northwest and
Glen canyon National Recreation Area in the southeast (pl. 1).

Community centers in the area and their 1980 IX>Pulations are: Boulder
(112), Cannonville (135), Escalante (654), Henrieville (167), and Tropic
(335). All are located along Utah state Highway 12, which crosses the
northern part of the study area. The pr imary economic activity in
cannonville, Henrieville, and Tropic is agriculture. Boulder is involved
chiefly with agriculture and forestry, and primary economic activities in
Escalante are agriculture, forestry, and oil exploration.

Numbering SYStem for ijydrogeologic-Data Sites

'nle &ystem of numbering hydro~ologic-data sites in utah is msed on the
cadastral land-survey system of the u.s. Go.Ternrnent. rrhe number, in addition
to designating a well, spring, or related site, describes its IX>sition in the
land net. By the land-survey system, the State is divided into four quadrants
I:¥ the Salt Lake mse line and meridian, and these quadrants are designated I:¥
the uppercase letters A, B, C, and D, indicating, re~ctively, the mrtheast,
northwest, southwest, and southeast quadrants (fig. 2). Numbers designating
the township and range (in that order) follow the quadrant letter, and all
three are enclosed in parentheses. 'lhe number after the IBrentheses indicates
the section, and is follC7Ned I:¥ three letters indicating the quarter section,
the quarter-quarter section, and the quarter-quarter-quarter section-
generally 10 acresl • The letters a, b, c, and d indicate, respectively, the
northeast, northwest, southwest, and southeast quarters of eadl subdivision.
'!he nunber after the letters is the serial nunber of the well or SIring within
the 10-acre tract. 'lhe letter S preceding the serial number denotes a spring.
For half townships and ranges, the letter "T" or "R", respectively, precedes
the parentheses. If a well or spring cannot be located within a 10-acre
tract, one or two location letters are used and the serial number is omitted.

'nlus (D-33-4)35bbd-1 designates the first well constructed or visited in
the SEl/4NWI/4NWI/4 Sec. 35, T. 33 S., R. 4 E., and (C-40-l) 23bba-Sl
designates the first spring imentoried in the NEl/4NWl/4NWl/4 sec. 23, T. 40
S., R. 1 W. Hydrogeologic-data si tes in Arizona are numbered in the same
manner except the numbering system is based on the Gila and Sal t River base
line and meridian.

The numbering system without serial numbers also is used to show the
location of data sites other than wells and springs. SUch data sites include
locations where ~ologic oores and outcrop samples were oollected.

IAlthough the basic land unit, the section, is theoretically 1 square
mile, marw sections are irregular. SUch sections are subdivided into la-acre
tracts, generally beginning at the southeast corner, and the surplUS or
shortage is taken up in the tracts along the north and west sides of the
section.
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Figure 2.-Numbering system for hydrogeologic-data sites in Utah.
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Locally, there is some conflict between locations based on geographic
features and tb:>se based on the land-survey oystem, because of the small scale
of the maps used. Where such conflicts exist, data sites have been plotted
with reference to the local geography, resulting in apIBrent mislocation with
reference to the land-survey system.
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GEXLCXiY AND ITS EFFECl'S ON HYmCLOOY

StratigIaPm'

The age of consolidated rocks exposed in the study area ranges from
Permian to Tertiary. '!hose rock units are shown on plate 2 and described in
table 1.

From oldest to youngest, the formations under consideration in this
report are: the Wingate sandstone of Triassic age, the Kayenta Formation of
Triassic{?) age, the Navajo sandstone of Triassic{?) and Jurassic age, and the
Page Sandstone, carmel Formation, and Entrada Sandstone of Jurassic age. Of
these, the Wingate sandstone, the Navajo and Page sandstones oombined, and the
Entrada Sandstone are the three principal aquifers in the area. Drillers'
logs of selected wells (table 11, at back of report) give descriptions,
thicknesses, and depths to the surface of the forma tions at selected well
sites.

'!he Lukachukai Member is the only member of the Wingate sandstone present
in the study area. It generally is a pale reddish-brown, light-brown, or
grayish-orange, very fine to fine-grained, crossbedded, aeolian quartzose
sandstone. Crossbedding is large scale and high angle. 'nle sandstone erodes
to form prominent vertical cliffs that commonly are coated with dusky-red
desert varnish. 'nle Wingate sandstone presently is unused but potentially is
a significant aquifer.

The Kayenta Formation is a reddish-brown, reddish-orange, pale-gray,
greenish-gray, and lavender flwial sandstone, siltstone, and shale, with
minor shale pellet conglomerate and freshwater 1 imestone. Generally the
Kayenta retards water mOl7ement between the Wingate and the Navajo sandstones;
however, Cordova (1978, p. 23) and Hood and Danielson (1979, p.34) indicate
that there are instances of leakage through the Kayenta, either where sandy
facies are predominant or where the formation is fractured. rrhere is el7idence
of leakage through the Kayenta in the Kaiparowits Plateau area as well,
s~cifically under the Paria Plateau.
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Table l.--Description of geologic formations in the KaiI8rc".,its Plateau area
[Geologic dlaracteristics adapted fran Hackman and lotYant (1973), Stokes (1964), Haynes and Hackman (197 8), and Peterson and Pipirin<ps (1979).J

Erathem System sedes Geologic unit Principal loea tions of outcrop Geologic d1.aracteristics ~drologic characteristics

Undifferentiated O1.iefly on southern flank of sand, silt, and gravel. UnknQl,ln.
alluvilm Boulder ~untain, snall areas

along southern margin of
Vennillion Cliffs and south-
western margin of the Kaipuo-
wits Plateau.

Relatively younger O1.iefly in upt:er read1.es of Do. Yields water to wells in
allwilm the Paria and Escalante and near Boulder, Qlnnon-

Rivers and their tributaries, ville, Fscal.ante, and
silJ'lificant area in Alvey Wash. Henrie.rille for Cbnestic

use, stock watering, and
Quaterna[}' irrigation.

Gravel surfaces 9nal1 areas in North CIeek Mainly terraces and pedirrents UnknQl,ln
drainage. under<ping erosion. Mayor

may rot be associated with
active streams.

Landsl ide and other O1iefly on southeastern flank Surf icial masses mOfed chiefly lkl.
gravity dep:>sits of Boulder tot:>untain. I:¥ gravity.

Dunes--chiefly QUefly along the northern O1iefly quartz sand. Includes Do.
quart:::z sand margin of the Pada Plateau. roth active and inactive accu-

mulations.

COIering dep:>sits O1iefly along the eaetern mar- Chiefly wiooblcwn silts lacking lkl.
gin of the KaipuCJtlits Plateau. dune form. Sane pi td1.es of

cenozoic alllllilm and soil are included.

Undifferentiated
Tertiary volcanics

Late Tertia[}' O1iefly in the northern (:Brt Extrusive ign.eoLlS material. UnknCMn, but most likely a
andesi te- tradljte- of the stuc¥ area--Boulder good redlarge medium.
latite flaY'S Molrltain.

Late Tertiary tasal t
and andesi te flews

wasatch Formation Nortlwestern IErt of study l'Dstly light-gray to pink, Yields fresh water to
Tertiary area--Pink a iffs, Table thick-bedred, fine-grained, spr ings in amoll"lts as much

Cliffs, and Qlnaan Peak. flwial or lacustrine clastic as 450 gallons per minute.
si1ty 1imestone, rontaining
thin interbeds of red or gray
mudstone and ligh~gray cal-

Eocene ca.reous sandstone; oongl~

eratic and less limy in ~r
300 feet. weathers and erodes
to badlands, notC'hed cliffs,
and led'li talu....littered
slopes. As mudl as 1,700
feet thick.

Faipuadts FornlAtion Extensive outcrop east of the Prec:bninantly grayish-green to PrOl ides mae flew to
East Raibab menoel ine and olive, friable, lenticular, streams and yields anall
northeast of Henriev ille. arkosic and bioti tic s11 ty snOlDlts of water to

sandstone; s(:Brse thin inter- spdngs, generally less
teds of light>-gray mudetone, than 40 gallons per
lenticular pelletal gray minute. water is generally
limestone, and brcwn resis- fresh to slightly ealine.
tant EIllldstone; spusely fos-
sil iferous; continental;
erodes to gentle sloI:es.
2,000 to 3,000 feet thick.

Wabieap sandstone Extensive outcrop in the center Alternating thin to thick Yields emall anounts of water
of the Kaipm"'its Plateau, fllNial beds of yo1lcwish- to springs, generally less
flanking the outcrop of the gray mudstone and pele- than 5 gallons per minute.
Kaipucwits Formation on the yo1lcwisb-gray to buff ..011- WAter is generally fresh
west, south, am east. Q!RIented sandstone; mudstone to sl i~tly eal ine.

~saz.:oic Cretaceous Upper more ablmdant near base; per-
sistent thick oonglCJfleratic
sandstone in ~r 300 feet;
erodes to ledgy cliffs and
slopes. As mum as 1,500
feet thick.

Strai~t alffs Extensive outcrop in the Lighb-yellcw-gray to white, Yields ernall anounts of
Formation southern and eastern rerts of fine- to marse-grained 10- water to springs, generally

the KaipHcwits Plateau. cally oonglaneratic crossbed- less than 30 gallons per
Forms the straight Cliffs, a ded sandstone in thick sub- minute.
nearly-vertical cl iff face ... rallo1 cliff-fonning teds;
on the eastern margin of thinner slope-forming beds of
the KaipuOrIits Plateau. yellcwish-gray, greeni sh-gray

to dark-gr~ mal e and mud-
stone; thin to thick beds of
bitunioous ooal. 1,000 to
1,500 feet thick, thickening
norttwesblard.

Tropic Sla1e Signif icant outcrop in the rark-gray calcareous marine Generally <Des rot yield
Qll1RJrN ille-Henriev ille- shale; thin sandstone and water.
Tropic area and along the siltstone t:eds near top and
southern and eastern margins base; spirae white oontonite
eX the Kaiptrowits Plateau. beds and nodular fossili-

ferous 1 imestone in lewer
plIrt. weathers to sl.o~s,

intertongues with Straic;ttt
Oiffs Formation. 500 to
900 feet thick.
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'lbble l.--Description of ~ol09ic formations in the Kaif!lirCMits Plateau area--(bntinued

Erathem ~stem

Cretaceous

Jurassic

series

Middle

Geologic unit

~kota sandstone

Morrison Fbrmation

Bl utf Sandstone

Winsor FbrmaUon

SlIl1mE!rv ille
Fornation

Entrada
sandstone

San
Rafael
Group

<lormel
Formation

Principal locations of outcrop

'!hin amd of outcrop, gener
ally less than 1 mile wide,
along the southern and east
ern margins of the Kaipiro
wits Plateau.

Significant outcrop along the
southeastern margin of the
Kaipucwits Plateau; thin
band of outcrop along the
eastern margin of the Kai
I8rQrriits Plateau.

9nal1 area of outcrop east
of the Kaiparcwits Plateau.
see footnote on plate 2.

Signif iamt outcrop south
west of Qlnrom ille.

Small area of outcrop east of
the Kair:arON'its Plateau.

Signif icant outcrop east and
southeast of the Kaiparaolits
Plateau.

Significant outcrop south and
east of the Kaipircwits
Plateau, and south of the
Qmool1lllle-HenrievUle area.
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Geologic dlaracteristics

Cliff-forming layers of len
ticular flwial and littoral,
crossbedded, [eddis~brQtln,

pll e-brcwn, CX>a rse-grained
sandstone and quartzite, in
terbedcEd slops-, bendt-, or
niche-fanning yel.l~i6h-gray

to olive mudstone; dark-gray
or brawn cadxmaceou6 male
and coal i local basal quart2-,
qllubite-, and dlert-~bble

oonglanerate. 0 to 250 feet
thick.

Variega ted continental beds of
sandstone, ronglanera tic sand
stone, and bentonitic mud
stone; coarser grained in
lower port. 0 to 700 feet
thick.

Gr ay to red oontinental sand
stone. Probably EquiValent
to the Sal t Wash MEmber of
the Morrison Formation.

Gray to red continental sand
stone and siltstone. Equiva
lent in places to U~r san
Rafael Group and p:lssibly
flk>rri80n Fbcmation.

Reddish- to p!l.le-bro.¥'n sam
stone and dark-reddisn-brQfn
shaly sil tstone in even, thin,
al ternating reds in northern
put of area, becaning
sandier and paler hued oouth
of Cbllet Glnyon. In the
Straight Cliffs area the
Sunrnerville includes a tongue
of greenish-gray to reddish
bram fine- to mediLrn
grained, gritty, generally
flat>-bedded sandstone and
mUdstone, a to 140 feet thick.
Erodes to ribbed cliffs,
slates, and niches. a to 200
feet thick, thinning south
westward t¥ erosion.

Generally <Xmp:lsed of three
intergrading informal units
of I ittoral origin and sutr
Equal thickness.

Upper sandy unit: pale-gray
yel.lewisb-gray, and reddish
brewn, fine-grained aeolian
sarxlstone; thickly crose
bedded in high-angle aets
bounded I:¥ flat>-truncation
planes; cliff former.

Middle silty unit: alternating
thick Bets of pale- to mader
ate- reddish-brown sil ty sand
stone and dusky-red sU tstone
beds; marginal marine: sl0I:e
former.

LQoIer sanclt ooit: reddish-brQlln
to pale-gray, fine-grained
aeel ian sarrlstone, CCITIOOnly
sl<mped at bese in pipelike
forms into underlying carmel
Formation. Forms cliffs and
isolated buttes.

'!he entire fornation is more
than 900 feet thick in
northern put of area, thin
ning radially sout/1olard and
easbrlard to 400 feet or less.

'!hin beds of duskY-red lillY
sil tstone, reddislrbrOloln
fine-grained friable sand
store, gray to pink lime
stone, and thin to thick beds
of gypsun, all of marginal
marine origin. Foms ledgy
sloI:es. Limestone and gypeun
oontent increases westward,
as wes total thickness, fran
arout 200 feet to more than
900 feet.

Hydrologic characteristics

Generally does not yield
water.

I:b.

Unkncwn.

I:b.

I:b.

Yields small amounts of
fresh water to wells in
Escalante area, snaIl
croounts of reportedly
poorer gual ity water to
wells in 0!1'lI"X)11/ ille
area, and water of
unknown quality to wells
in Glen <lonyon Ci ty arsa.

Yields water to springs at
oontact of 1imestone-sil t-
stone units near base of
formation. Sil tstone uni t
perches water in the lim&-
stone uni t of the carmel
Foenation, and sererely
iooibi ts d::lwrward mo.re
ment of water to the
Nav aj a sandstone.



'nlble l.--lRscription of geologic fonnations in the Kaip3.rGJits Plateau areir-Cbntinued

Erathem System series

Middle

Geologic unit

Page
sandstone

san
Rafael
Group

Principal locations of outcrop

canbined with Navajo
Sandstone.

Geologic d1aracteristics

Reddish-brCMo, moderate red
dish-orange, and locally
very light gray or grayislr
pink fine-grained, well
sorted sandstone, character
ized t¥ large-scale crossbed
ding. Crossbed sets generally
range fran 3 to 20 feet thick.
Persistent layer of chert
~bbles at the tase or in the
basal 6 inches.

~d[ologic dlaracteristics

canbined with Navajo
sardstone.

Jurassic

LON'er

NavaJO
sandstone

Kayenta
Formation

Extensive outcrop toth east
and west of the Escalante
River, on the southern margin
of Bouloor lobuntain, in the
middle reames of the Paria
River west of the Fast Kaibab
IOOnocl ine, in the lCMer
readles of the Paria River
drainage, and on the Paria
Plateau.

Signif icant outcrop in the
Escalante River drainage,
particularly in tributary
drainages east of the Esca
lante mainsten. Limited out
crop in the middle and lcwer
reaches of the Paria River
and in Faria River tributary
drainages west of the East
Kaitab lOOoocl ine.

Gray and yellcwish-gray, local
ly reddislrorange, thickly
crossbedded, medi~to fine
grained aeol ian sandstone
containing a few thin lenses,
each less than 1 3:juare mile
in area, of dark-gray psrtly
dlertified magnesian lime
stone; oonspicoous large
scale, troug~tyt:e cross
bedding. Erodes to massive
cliffs and dalles. 0 to 1,900
feet thick, thickening uni
formly fran northeast to
sout~est.

Red-brCMn, reddish-orange,
pUe-gray, greenislrgray, and
laverrler flw ial saoostone,
siltstone, S1a1e, and minor
sha1£.-p:llet rong1.anerate arrl
frestwater limestone: erodes
to cliffs and bendles.
Interfingers with Oolerlying
and underlying formations.
lVerages aoout 200 feet thick.

Princi(Bl cquifer in stud;
area. Yields generally
less than 10 gallons per
minute to seeps and springs,
uslBlly at the t:a.se of
crossbed sets, where forma
tion is unf ractured. Yields
up to 200 gallons per minute
where formation is f raetured
or faulted. water is fresh
except where artesian ooOOi
tions exist, either naturally
or as a resul. t of raised
water levels caused t¥ the
filling of Lake _ell. In
those areas water is fresh
to sJ. ightly sal ioe.

Generally less permeable than
the a.rerlying Navajo sand
stone and lDlderly i09 Moenave
Formation and Wingate sanr>
stone. Perdles water in the
Navajo sandstone resul. ting in
springs and seeps at the
Navajo-Kayenta oontact in
FElrts of the canyon of the
Escalante River.

~sozoic

Triassic
I?)

Triassic

UPF'!r
(?)

_nave
Fbrmation

Glen
canyon
Group

Wingate
sandstone

Otinle Fbrmation

Limited outcrop in middle and
lCloler reaches of the Faria
River, and in tributary drain
ages to the Paria River west
of the East Kaibab IOOnocline.

Limited outcrop in the Esca
lante River drainage, puti
cularly in tributary drainages
east of the Escalante main
sten.

Limited outcrop on the flanks
of the Circle Oiffs, on the
southern margin of the Ver
million Oif£s, and in the
midc:ne and l"",er reaches of
the Paria River.

CQnp:lsed of two flwial
menbers: Springdale sarrlstone
foBnber; pale-reddish-brewn,
medit.m-grained, micaceous,
cliff-forming sandstone and
minor ail tstone; and the
underlying Dirosaur canyon
Sandstone Menber; reddi sh
orange, ooarse- to fine
grained, tarallel-bedded,
ledge- and slope-forming
friable sandstone, siltstone,
and mudstone. '!he fot)enave
thins fran nearly 400 feet
thick in the sout.l'r.olest f5 rt
of the study area to a wedge
of irregular traoe in the
vicini t¥ of '!he Rinron.

Reddish-brOtln, ligh~brGm,

grcrjistrorange, fine-grained,
thickly crossbedded, calcar
eous aeolian sandstone.
Erodes to vertical cliffs
camonly 006.ted wi th dusky
red desert varnish. Alx>ut
275 feet thick in ITOst of
stu<¥ area; thins to a wedge
edge near soutl'west corner of
study area.

Varioolored beds of flwial
and lacustrine origin: gener
ally sandy at top: limy,
muddy, and bentonitic in the
middle; sa~ and conglanera
tic near base. 500 to 900
feet thick, thickening south
ward.

Yields water to wells on the
Paria Plateau.

No wells utilize the Wingate
and only one spring di~

charges fran the Wingate in
the stu<\, area.

Unkno,.,on.

Slinan.mp Limited outcrop on the sout~

Conglanerate ern, western, and northeast
ern flanks of the Circle
Oiffs, and on the southern
margin of the Vetmillion
Cliffs.

Yellcwistrgray, pale-brewn, or
gray-green medilJ'll-grained to
ronglaneratic flwial san~

stone; oontains qLBrtz pe:b
bles, cartonized plant de
bris, and fragnental silici
fied wood; erodes to cliffs.
a to aoout 200 feet thick in
sane deep channels.

Do.

Middle (?)
and

La.ter

fbenkopi Fbrmation Extensive outcrop in the Ci rel e
Cliffs, significant outcrop
at the southern margin of the
Vermillion Cliffs.
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Fine-grained red beds and thin
marine limestone and e.rapor
ite tongues. 250 to 1,000
feet thick, thickening uni
formly nortl1w'estward.



'Ihble L--~6cription of ~ologic fomations in the Kaip;lra.iits Plateau area--(bntinued

Erathsn Sjstsn Series Geologic unit Principal lo<ations of outcrop Geologic characteristics ltidrologic dlaracteristics

Kaitab Limestone Signif iamt outcrop at south- Grayish-yellow, fossiliferous, Unkncwn.
ern margin of the Vermillion dlerty, thirt- to thick-bedded
aitfs. dolanitic limestone and inter-

l:edded light-gray to brewn
siltstone and sandstone.
o to 60 feet thick in Ci rcl.e
Qiffs, 100 to 400 feet thick
in ranainder of study area,
thinning souUward.

Toroweap Fomation Minor outcrop in Kaitab Gulch Yella.iish-gray, white, and Do.
west of the East KaUab reddish-brewn f ire- to me-

Paleozoic Permian Lcwer Jll)oocline. clltm-grained crossOOdded
and \JIarly-bedded sandstone,
dark-red siltstone, and
light--gray cherty limestone.
Qmditions of deposition si-
milar to Kaibab Limestone.
200 to 400 feet thick.

Hemtit 9lale Minor outcrop in KaiJ::e.b Gulch ~e?"red shale, siltstone, and Do.
west of the East Kaibab shaly siltstone, sI:Brse len-
roonocline. ticular sandstone near resel

locally shale oontains mud
cracks and ripple marks. 125
to 250 feet thick.
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'!he generally small ~rmeability of the Kayenta Fbrmation is illustrated
in the Escalante Canyon, where water discharges from the canyon wall at the
Navaj 0 Sandstone-Kayenta Formation contact at general location (D-36-6). A
further illustration is spring (D-36-6) 27bab-Sl in Harris Wash, which
discharges approximately 7.5 gallons ~r minute at the Navajo-Kayenta contact.

'!he Navajo Sandstone is a very f ine- to fine-grained, aeolian,
crossbedced, quartzose sandstone. '!he Navajo is characterized 1:¥ large-scale,
high-angle crossbedding in sets generally from 20 to 50 feet thick, and is a
cliff-forming formation. Color varies from nearly white to deep reddish
brown. An outcrop of Navajo sandstone near Boulder is shown in figure 3.

The Page Sandstone is a moderate reddish-brown, moderate reddish-orange,
and locally very light gray or grayish-pink, fine-grained, well-sorted
sandstone (Peterson and Pipiringos, 1979, p. 21). It is characterized by
large-scale crossbedding, with sets generally ranging from 3 to 20 feet thick.
Angular dlert ~bbles generally less than 0.5 inch long commonly are present
at the base or in the basal 6 inches of the formation. 'lhe Page sandstone is
hydrologically connected to the Navajo sandstone, and is informally grouped
with the Navajo in this report.

The Carmel Formation is of marginal marine origin, consisting of thin
beds of dusky-red limy siltstone, reddish-brown friable sandstone, gray to
pink limestone, and beds of gypsum. A siltstone bed at the base of the Carmel
generally effectively inhibits movement of water between the Carmel and the
underlying Navajo sandstone. At several locations in the KaipHowits Plateau
area, water seeping down through the Carmel is diverted laterally by this
sil tstone bed and is discharged as springs--usually within about 10 feet of
the top of the Navajo. Examples of such springs are listed in table 2.

The Entrada Sandstone is divided into three informal uni ts. '!he upper
and lower units are pale-gray to reddish-brown, fine-grained, cliff-forming
aeolian sandstones. The middle unit consists of alternating thick beds of
pale to reddish-brown, silty sandstone and dusk~red siltstone.

structure

The major structural features in the Kaiparowits Plateau area are the
Kaip;l.rowits basin in the center of the area, the Kaibab uplarp to the west of
the Kaip;l.rowits basin, and the Circle Cliffs upwarp to the east (pl. 2).

'lhe Fast Kaibab monocline separates the Kaibab uplarp and the Kaiparowits
basin. 'Ihe monocline dips steeply to the east, as mudl as 86 degrees. To the
west in the Kaibab ufWarp, the Navajo sandstone is either absent (older rocks
are at the surface) or at the surface. To the east in the Kaiparowits tasin,
the Navajo is buried by as much as 4,500 feet of younger sedimentary rocks,
and rocks of Cretaceous age are at the surface. The Kaiparowits basin is
asymmetrical, with a steeply eastward-dipping limb on the west--the East
Kaibab monocline--and a mum more gently westward-dipping east limb.

'!he Navajo Sandstone is intensely fractured along the East Kaibab
monocline (fig. 4). The secondary porosity resulting from the fracturing
probably enables the Navajo to accept a large ~rcent of precipitation in the
area as recharge. Fbr 0t:en fractures, Craft and Hawkins (1959, p. 283) report
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Figure 3.~Navajo Sandstone (Jna) overlain by Carmel Formation
(Jca) at location (D-33-4)36, 1.5 miles south of town of
Boulder, Utah.

Figure 4.- Fractured Navajo Sandstone in the East Kaibab monocline
at location (C-42-2)25.
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'!able 2.--selected springs that disdlarge f ran the cannel Formation
above basal siltstone of laY ~rmeability

Number: See ''Numbering system for hydrogeologic-data sites", Po 5, and
figure 2.

Nunber Drainage Name of
String

AI titua: of
land surface

(feet)

(C-40-3) 5bab-Sl Park Wash

(I>-39-7) Bddd-Sl Big Hollow Wash
tributary

16abd-Sl Coyote Gulch

(I>-40- 8) 17dca-Sl SOOner Wash

27cbc-Sl Willav Gulch

(I>-41-8) 2dab-Sl Fit tyroile Creek

Adams Spring

Liston seep

SOOner water

SOda Spring

6,270

4,550

4,560

4,250

4,210

4,270

that a O.OOl-inch wide fracture will have a permeability of 54,000
millidarcies, or a hydraulic conductivity of about 132 feet per day. '!his
value is in the range of two orders of magnitude greater than the hydraulic
conductivity of unfractured Navajo Sandstone determined from laboratory
a,nalyses of Navajo cores (table 3).

The Ci rcle Cl iffs upwarp is an asymmetrical, elongate structural dome
that has a gently westward-dipping west limb and a much more steeply eastward
dipping east limb. Near the axis of the Ci rcle Cliffs upwarp, northeast of
the Escalante River, the Navajo Sandstone has been removed by erosion and
older rocks are at the surface. To the west of the axis of the upwarp,
however, the Navajo is widely eX};X>sed.

HYDRa.OOIC SE'l'I'OO

ijydrologic Budget of the Kaiparowits Plateau Area

Ronald L. Jensen (U.S. Bureau of Reclamation, written commun., 1972)
estima ted a hydrologic budget for the Escalante River, Paria River, and
wahweap Creek l:asins as IBrt of a regional reconraissance of water resources
in south-central utah. Jensen's Wahweap Creek basin includes all of the
drainages between the Escalante and Paria Rivers, and Jensen's three-basin
area coincia:s with the area described in this report. Estimations by Jensen
include precipitation, runoff, evapotranspiration, and potential ground-water
recharge for each basin. Values for each of the three basins and for the
entire stuQl area are given in table 4.

14



Table 3.--Hydrologic and physical characteristics of shallow core and outcrop samples
determined from laboratory analyses

[Abbreviations used in column headings are as follows: ft/d, feet per day; mm, millimeters;
ft, feet; ft2/d, feet squared per day. J

Location: See "Numbering system for hydrogeologic-data sites", p. 5, and figure 2.
Hydraulic conductivity: See p. vi. Distilled water used in hydrologic analyses
Porosity: See p. vi.
Grain-size distribution: Median diameter = d50•

Sorting coefficient =v'Q37Q1, where Q~ = 25 percent quartile, Q1 = 75 percent quartile
Total or saturated thickness of Navajo Sandstone: Saturated thickness of Navajo Sandstone used where informatio~
is available, otherwise total thickness used.

Estimated transmissivity: ft2/d rounded to nearest 1,000; determined by multiplying horizontal hydraulic
conductivity times saturated thickness of the Navajo Sandstone, or total thickness where saturated thickness
is unknown.

Hydraulic
conductivity (K)

Grain-size
distribution

Location Horizontal
(ft/d)

Vertical
(ft/d)

Ratio
horizontal!
vertical K Porosity

(percent)

Median
diameter

(mm)

Sorting
coefficient

Total (T) or
saturated (S)

thickness
of Navajo
Sandstone
at site
(ft)

Estimated
transmissivity

(ft2/d)

Navajo Sandstone

(C-39-2) 5dc1

(D-34-3)32ac1

(0-35-4) 1da1

(D-36-6)18bbb

(D-39-8)23ac

(A-41-8)23dcd
(Arizona)

0.64

2.12

9.57

0.41

.22

1.36

4.66

2.10

8.a;

1.56

1.72

1.01

1.08

23.2

25.6

20.9

26.5

28.3

30.8

0.144

.104

.112

.178

.155

.208

1.534

1.093

1.140

1.638

1.266

1.209

2,300(T)

1,200(T)

1,200(T)

<6 OO( T)

<1,200(T)

1,200(S)

1,500

500

22,200

23,700

2,500

11,500

Entrada Sandstone

(D-35-3) 8aaa

(D-40-8) 7aca

(D-43-3)30dac

0.67

1.20

.01

0.27

.79

.09

2.48

1.52

.11

22.2

26.0

0.188

.151

.183

1.408

1.430

1.483

Wingate Sandstone

(D-34-5) 12dbc

(IH6-71 7aba3

1.25

1.17

0.27

.39

4.63

3.00

31.4

20.5

0.084

.099

1.323

1.250

10utcrop sample collected and cored by Uygur (1980). Core directions are parallel and perpendicular to
2 bedding planes. All other cores were obtained parallel and perpendicular to land surface.

Horizontal hydraulic conductivity is unknown but is estimated by multiplying vertical hydraulic conductivity
times 1.34.

30utcrop sample (not shallow core).
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Table 4.--Hydrologic budget of the Escalante River, Paria River,
and Walloleap Creek basins (from Ibnald L. Jensen, u.s.

Bureau of Reclamation, written cx:>rnmun., 1972)

Acre-feet

Potential
Evapotrans- ground-water

Basin Precipita tion Runoff piration redlarge

Escalante River 1,389,500 ffi ,000 1,271,000 32,500

Paria River ffi6,500 20,000 83 8,000 8,500

Walloleap Creek 709,000 16,000 690,000 3,000

Total 2,965,000 122,000 2,799,000 44,000

Estimation of the amount of precipitation falling in each basin was made
by use of the State of Utah normal annual precipitation map (U.S. Weather
Bureau, 1963). Areas retween lines of Equal normal annual precipitation were
determined in each basin. The average value of adjacent isolines was then
mul tiplied by the area between the lines, and all such determinations were
sLmlmed for each basin.

Runoff was def ined as the average annual flow at the mouth of each
mainstem plus the amount of water diverted for irrigation, minus the amount of
irrigation diversion return flow. Evapotranspiration, or consLmlptive use, was
estimated 1:¥ identification of plant communities and their areal extent and
densi ties. The estimation was made f rom U.S. Geological Survey quadrangle
maps and u.s. Forest service timber-survey maps. Summer evapotranspiration
(May-September) was def ined as the sum of summer precipi tation pI us soil
moisture depletion minus summer runoff. Winter evapotranspiration (October
April) was defined as sublimation of any snowIBck present.

Potential ground-water recharge was estimated as total precipitation
minus the sum of total evapotranspi ration pI us runoff. The val ue is not
limited to the Navajo Sandstone, but is for recharge to all ground-water
reservoirs, both consolidated and unconsolidated. '!he annual amomt of water
available for recharge in the study area was estimated to be about 44,000
acre-feet.
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Precipitation

Normal annual precipitation varies widely in the study area, from less
than 6 inches along the CbloraCb River near Page, Arizom, to greater than 30
inches on the summit of Boulder Mountain. Normal May through september
precipitation ranges fran less than 3 indles near Page to more than 10 inches
at the summit of Boulder Mountain (pl. 1).

Precipitation amounts increase with altituce. For example, at Boulcer
the normal annual precipitation is 12 inches and normal May through september
precipitation is 6 inches, comIBred with 30 inches and 10 inches at the slll1mit
of Boulder Mountain. Boulder is located only 12 miles south-southeast of the
Boulder Momtain sunmit. 'nle al ti tuCe at Boulder is atout 6,400 feet, whereas
the altitude at the summit of Boulder Mountain is 11,328 feet. 'The temporal
distribution of precipitation also manges with altitude. Only o~third of
the total annual precipitation falls in the summer at the summit of Boulder
Mountain, while 50 per~nt falls during May through September at the town of
Boulder. 'ntis relationship of an increased per~ntage of total precipitation
falling from october through April at higher al ti tuCes exists throughout the
stuqr area.

Summer precipi ta tion characteristically is in the form of intense and
very local ized thunderstorms of short dura tion. '!he intensity and short
duration allows little time for precipitation to enter the ground-water
system. Most of the water moves overland and becomes part of the surface
water system.

Winter precipitation occurs over larger areas, is much less intense, and
of longer duration. It primarily falls in the form of snow and a t higher
al ti tudes may remain as snowIBck for several months. Gradual warming and slow
mel ting of the snowIBck in the spring allows much more time for inf il tra tion
than is the case for summer precipitation. Runoff and inf il tration
characteristics resulting fran spring and fall precipitation are transitional
b:!tween those of sunmer and winter.

Surface-Water Conditions

'nlree stream-flow gaging stations are presently (1982) in operation in
the KaiIBrowits Plateau area--Pine Creek near Escalante, Escalante River near
Escalante, and Paria River at Lees Fer ry. Formerly several additional
continuous-discharge measurement stations as well as anmal I:eak-discharge
measurement stations were in oI:era tion. All stream-flow gaging sta tions in
the stuqr area, both active and discontinlEd, are shown on plate 1 and listed
in table 5.

Average anmal discharge of surfa~ water from the Escalante River resin
for 5 years of record (October 1950-September 1955) at sta tion 09339500,
Escalante River at mouth, was 61,670 acre-feet. The majority of discharge
origimtes in the upper resin near Boulder Mountain. '!Wo areas that canprise
only 331.4 B:Iuare miles of the 1,770 B:Iuare miles in the basin contributed
28,030 acre-feet, or about 45 I:er~nt of the annual disdlarge to the Escalante
River tasin. 'Ihe areas are the uppar reaches of the Escalante River upstream
from station 09337500, comprising 310 B:Iuare miles, and the East Fork of
Boulder Creek upstream from station 09330000, comprising 21.4 8:JLBre miles.
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Table 5.--Selected streamflow data in the Kaiparowits Plateau area
[Abbreviations used in oolUlln headings are as follows: mi2 t square miles; rt3/a, cubic reet per secondj

acre--ft/yr, acre--feet per year.]

Average discharge Extr..... (ft3/.)
Station Approximate
nUlllber Station name drainage area Period or record rt3/ 8 Acre-rt/yr Years Maximum. Dat. Hin1mUlt Date

(m12 )

09335500 Nor th Creek near 90 July 1950-Sept. '955 7.64 5.530 3,610 8-21-52 e')
ElScalante

09336000 Birch Creek near 36
:~~:r

1
;~~;=e~~~~~~;

.54 390 3 t ~oo 8-1~3 (,)
ElScalante

09336400 Upper Valley Creek 53 Water years 1959-7~2 5,560 8- 2-59 e')
near Escalante

09336500 Birch Creek at mouth, 100 Oct. 1951-July , 955 3.26 2,360 1t 010 7-12-54 O. , 7-13-55 ;
near Escalante 7-14-55

09337000 Pine Creek near 78 July 19S0-Sept. 1955j 4.55 3,330 30 1,010 8- 2-67 (1)
Escalante July 1957-Sept. '982

09337500 Escalante River 310 Aug. , 90 <}-Apr. , 913. 15.0 '0.870 26 3.450 8- -53 0.07 '2-24-78
near Escalante Oct. 1942-Sept. 1955.

Dec. 197 1-Sept. , 982

09338000 East Fork Boulder 21.J.i July 1950-Sept. 1955; 23.7 17,160 20 483 5-20-64 8.2 11- 5-51
Creek near Boulder July 1957-Sept. 1972

09338500 East Fork Deer Cr~ek 1.9
~:~~rl:~~;;e~~~i~~;

1.39 1, 010 224 8- 3-6' 2-10-53
near Boulder

09338900 Deer Creek near 63 Water years , 959-742 3,820 8- 3-6' (1)
Boulder

09339000 Boulder Creek near '75 July 1950-Sept. 1955 23.0 16,650 4,650 7-25-55 6.1 6-26-53
Boulder

09339200 twentymHe Wash near 140 Water years 1959-682 4,620 8-27-63 (3 )
Escalante

09339500 Escalante River at 1,770 April 1950-Sept. 1955 85.2 61,670 1J.i,600 8- 4-51 4.4 8-20-50 i
mouth t near Escalante 7-11-51

09379800 Coyote Creek near 89 Water years , 959-732 4,590 6-22-72 (3)
Kanab

09379820 Buck Tank Draw near 5.3 Water years 195~B2 190 7-30-67 (3)
Kanab

09380380 Bryce Creek at Park 2.7 Water years 1!Ii 5-66 2 330 9- 5-65 (3 )
Boundary, near Trop1c

093 80400 Paria River at !Ii Water years '95~22 4.830 8- 3-61 (,)
Cannonville

09381000 Henrieville Creek near 29 Aug. , 950-July 1955 5. '7 3,740 3.360 7-3 '-53 11..22-52 i
Henrieville 12-22-52

093 81100 Henrieville Creek at 34 Water yeara 1959-7!12 7.360 8- 4-61 (1)
Henrieville

0938'500 Paria River near 220
e::;r

1
::~;:e~~ ~~:~;

9.70 7,020 11,600 8-31-63 (')
Cannonvil18

0938'590 Sheep Creek at Park 3.6 Water years 1~5--662 9.6 8- 2-66 (3 )
Boundary, near
Cannonville

09381600 Sheep Creek near 17 Water years 195~42 1,260 8- 4-61 (3 )
Cannonville

0938'700 Sheep Creek Reservoir 31. 1 Water years 19\'-6 B2 4,620 8-31-63 (3 )

0938'800 Paria River near 668 Water years 1959-732 15, ~OO 8-31-63 (,)
Kanab

093 82000 Paria River at Lees 1, !l10 Oct. 1923-Sept. , 982 29.9 21,660 59 16,100 10- 5-25 (4)
Ferry

1018~OOO Tropic and East Fork Vater years 1950-6 1 3.40 2,If) ~ 11 29 5-12-52 (5)
Canal (traneaountain
diversion from East
Fork Sevler River)

1Some flow throuShout IIIOst years, but dry on occasions.
2 0nly annual-peak discharges gaged.
~OnlY intermittent or ephemeral flow.

Host years prior to 1~ 1•
5No flow for several IIlOntha in each year.
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Several ungaged tributaries on the southern flank of Boulder Mountain also
contribute significant quanti ties of surface water to the Escalante River.
streamflow in Mamie, sand, and calf Creeks on October 21, 1981 were,
respectively, 7.2, 10.0, and 6.4 cubic feet per second (table 6). Streamflow
in the Escalante River just oownstream from QUf Creek was 43.9 cubic feet ~r
seex>nd.

Avera~ anm.al dismar~ of surface water f rom the Paria River l:asin for
59 years of record (October 1923-septanber 1982) at station 09382000, Paria
River at Lees Ferry, is 21,660 acre-feet. '!Wo anmal ~ak-dischar~ gaging
stations are the only sta tions tha t have been installed in the walJ..leap Creek
basin. Both stations have been discontinued. The maximum recorded peaks
during the res~ctive periods of record are given in table 5.

A series of streamflCM measurements was made along readles of roth the
Escalante and Paria Rivers where the streambeds are incised in the Navaj 0

Sandstorva. '!he d3. ta were oollected to determine whether the Navajo sandstone
oontributes water to or receives water from the rivers. ']he measurements were
made during October 21-23, 1981. Locations of the measuranent sites are shown
on plate 1, and the d3.ta are presented in table 6.

In the Escalante River l:asin, the rEXlch just oownstream f rom Pine Creek
to Mamie Creek shCMed a gain in streamflow of 2.0 cubic feet per seoond, or an
11.9 tErcent increase, and the adjacent readl just oownstream from Mamie Creek
to sand Creek showed a gain in streamflow of 1.5 cubic feet per second, or a
5.7 ~rcent increase. Fbr roth rEXldles the total rvat gain was 3.5 cubic feet
per seoond. 'Ihis would be 2,500 acre-feet ~r year, assl1lling the rvat gain to
be oonstant. N:> other readl of the Escalante River f rom Pine Creek to south
of Harris Wash showed a mange in streamflow of grEXlter than 5 percent.

In the Paria River basin, streamflow in two reaches of the Paria River
was measured. '!he first rEXlch was from about 3 miles south of U.s. HiglJ..lay 89
to the mouth of Kaibab Gulch. It showed a loss in streamflow of 2.0 cubic
feet per second, or a 13.7 percent decrease. '!he second reach, from just
below Kaibab Gulch south to the end of Navajo Sandstone outcrop (about 13
miles dCMnstream fran Kaitab Guldl) showed a gain in streamflow of 4.4 cubic
feet per second, or a 33.9 percent increase. The net gain for both reaches
was 2.8 cubic feet per seex>nd. '!his would be arout 2,000 acre-feet per year,
assun ing the rvat gain to be oonstant.

'!he arove measuranents were made when the streamflow exceeded base flCM
for eadl stream, and the results rvaed to be repeated at ex>ndi tions nearer to
base flow before they can be considered totally reliable. These data,
however, indicate that in the area of potential recharge to the Navajo
Sandstone in the upper reaches of the Escalante River, the Navajo also is
discharging water to the river. In the Paria River basin, the adjacent
reaches indicate 0PFOsi te di rections of mO\Tement; however, tased on the d3. ta
collected, the O\Terall mO\Tement of water is from the Navajo sandstone to the
Paria River.

Gerald Plantz (U.S. Geological Survey, oral commun., 1982) made three
streamflow mEXlsurements on the Paria River at U.s. HiglJ..lay 89 on April 22 and
August 25, 1981, and on March 4, 1982. '!hese measuranents were oompued with
recorded streamflow of the Paria River a t Lees Ferry (sta tion 09382000) for
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Table 6.--Miscellaneous surface-water measurements in Escalante River and Paria River basins
[Abbreviations used in column headings are as follows: ft3 Is, cubic feet per second;

umholcm at 250 C, micromhos per centimeter at 25 degrees Celsius;
mg/L, milligrams per liter.]

Dissolved solids: L, laboratory determination; other values calculated from specific
conductance, (specific conductance times 0.61 in the Escalante River basin, and specific
conductance times 0.73 in the Paria River basin)

Discharge

Measurement location

10-21-81
Escalante River near Escalante
Escalante River above Mamie Creek
Mamie Creek at mouth
Escalante River above Sand Creek
Sand Creek at mouth
Escalante River above Calf Creek
Calf Creek at mouth
Escalante River above Boulder Creek
Boulder Creek at mouth
Escalante River above The Gulch
The Gulch

10-22-81
Escalante River below The GUlch
Escalante River above Harris Wash
Harris Wash at mouth
Escalante River above unnamed
tributary

10-23-81
Paria River 3 miles south of U.S.
Highway 89

Paria River above Kaibab Gulch
Kaibab GUlch at mouth
Paria River at mouth of Paria
Canyon (south of terminous of
Navajo Sandstone)

Paria River at Lees Ferry

4-22-81
Paria River at U.S. Highway 89
Paria River at Lees Ferry

8-25-81
Paria River at U.S. Highway 89
Paria River at Lees Ferry

3-4-82
Paria River at U.S. Highway 89
Paria River at Lees Ferry

Discharge
(ft,'3;s)

16.8
18.8
7.2

27.5
10.0
36.2
6.4

43.9
41.2
88.8
1.0

78.9
73.3
5.9

78.9

14.6

12.6
.1

17.4

16.6

9.1
20.0

22.0
33.6

Gain (+)
or

loss (-)
(ft3/s)

+2 .0

+1.5

-1.3

+1.3

-6.6

- .3

-2.0

-.8

+12.2

+10.9

+11.6

20

Percent
gain (+)

or
loss (-)

+11.9

+5 .7

-3.5

-t:3 •1

+4.3

-8.4

-.4

-13.7

+37.0

-4.6

+71.8

+119.8

+52.7

Specific
conductance
(umho/cm
at 25 0 C)

850
420
6BO
BOO
730
680
6BO
2BO
500
520

500
700
510

1,800

1,750

1,400

Dissolved
solids
(mg/L)

484L
255
415
490
450
415
436L
172L
305
315

305
425
318L

1,310L

1,2BOL

1,020



the same dates. '!he Paria River gained 12.2, 10.9, and 11.6 cubic feet per
second in the reach between u.s. Highway 89 and Lees Ferry on these dates,
indicating sutstantial discharge from bedrock (mostly Navajo sandstone) in the
reach. Annual ground-water discharge from this reach, based on the average of
the atove measuranents, is 8,400 acre-feet.

wateNIuali t¥ samples were collected during the streamflow measurements
made on October 21-23, 1981. '!he general trend of dissolved-solids
concentra tion in the Escalante River was a decrease in a downstream direction
to the mouth of Boulder Creek (table 6). The range was from 484 milligrams
per liter upstream from Mamie Creek to 318 milligrams per liter about 5 miles
downstream from Harris Wash.

'lhe reaches of the Escalante River upstream from the section ifllTestigated
flow over rocks younger than the Navaj 0 Sandstone, primarily of Cretaceous
age. Most contain soluble materials and contribute most of the dissolved
solids in the Escalante River upstream from the Navajo outcrop area.
LUwnstream from that point the water in the Escalante mainstem is diluted I::y
tributary water with smaller dissolved-solids concentrations. 'lhe tributary
waters have flowed across or through the Navajo or other formations that
generally contain less soluble material than the rocks of Cretaceous age.

Boulder Creek significantly dilutes the dissolved-solids ooncentration of
the Escalante River. During the October 21, 1981 streamflow measurements,
Boulder Creek had a flow of 41.2 cubic feet per second into the Escalante
River, which had a flow of 43.9 cubic feet per second just upstream from
Boulder Creek. '!he dissolved-solids ooncentrations in Boulder Creek was 172
milligrams per liter~ that of the Escalante mainstem was 436 milligrams per
liter. n>wnstream from Boulder Creek, the ooncentration of dissolved solids
in the Escalante River was 318 milligrams per liter, a 27 percent decrease.

'lhere were m tributaries having a streamflow of greater than 0.1 cubic
foot per second to the ifllTestigated reaches of the Faria River~ howE!\1er, the
lower reach, from KaiJ::ab Gulch to the southernmost extent of Navajo sandstone
outcrop, showed a gain in streamflow from 12.7 to 17.4 cubic feet per second,
which indicates that the ~drock discharges water to the river in that reach.
'Ibis indication is substantiated I::y dilution of Faria River water I::y fresher
water from the Navajo sandstone. 'lhe dissolved-solids ooncentration in the
ifllTestigated reaches of the Paria River ranges from 1,310 milligrams per liter
3 miles south of u.S. Highway 89 to 1,020 milligrams per liter at the
southernmost area of Navajo sandstone outcrop.

Ground-Water Conditions

'!he Navajo Sandstone ranges from completely saturated and confined to
completely unsaturated. Confined conditions exist in the KaiFSrowits basin
under the Kaip:1rowits Plateau and near the Faria River where it is crossed I::y
u.s. Highway 89. 'lhe Navajo also is completely saturated in the lower WalMeap
Creek area because of flow from Lake Powell into the cquifer. Unsaturated
condi tions are present along the southern margin of the Paria Plateau.
Principal areas of withdrawal of wa ter from the Navaj 0 are in the Boulder,
Faria Plateau, and Wahweap Bay areas.
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In the Boulder area, the unsaturated thickness of the Navajo Sandstone
ranges from 0 to nearly 450 feet, depending on the topography. Generally,
less than 200 feet of the Navajo is unsaturated. The Navajo generally is at
the surface except in canyons where it underlies stream-valley alluriLml that
was eroded and transfX>rted f rom Boulder Mountain. '!be total thickness of the
formation in the area is unknown, but prorebly varies ronsiderably as a result
of differential erosion in caJ¥ons am uplams. '!he al ti ture of the tase of
the Navajo in the Boulder area also is unknown and difficult to infer because
of tectonic activity associated with Boulrer Mountain.

At well (D-35-4)20cca-l, near Escalante, the upper 550 feet of the Navajo
is unsaturated. At well (D-40-S)7bdc-l, near Fbrtymile Creek in the Escalante
River resin, only the upper 100 feet is unsaturated.

Information about water levels in the Navajo Sandstone under the
Kaip:1rowits Plateau is scarce. Drillers' reports for 22 oil-test wells note
that water is present in the Navajo; however, most of the 22 reports simply
indicate "damp sand", "sand and water", or a similar indication of water,
without reference to where in the Navajo section the condition was first
~netrated. Generally, no water leJels are given in the reports.

Less information is available atout water in the Entrada sandstone than
in the Navajo. Water is withdrawn for irrigation or domestic use fran SeJeral
wells oompleted in the Entrada near the towns of Ql.nnorwille, Escalante, and
Glen canyon Ci ty. '!he Entrada is slightly less than 600 feet thick in the
Glen canyon City area, and about 400 feet of that thickness is saturated.
Water leJels have increased subsequent to the filling of Lake Powell, which
began in 1962.

No water wells penetrate the Winga te Sandstone in the study area, and
virtually no information exists regarding presence of water in that formation.
Except on the flanks of the Circle Cliffs, the Wingate is overlain by the
Kayenta Formation and the Navajo sandstone. Generally, wells are not drilled
into the Wingate because the Navajo or less deep aquifers yield water of
adequate quantity and quality.

Hydrologic Characteristics of the Navajo.

Entrada. and Wingate sandstones

Hydrologic dlaracteristics of the Navajo, Entrada, and Wingate sandstones
were determined from laboratory analyses of shallow oore and outcrop samples.
In addition, short-term a:;{uifer tests were oonducted using wells rompleted in
the Navajo sandstone at seJeral locations in the study area.

Latoratory analyses of fX>rosity, 1¥draulic oonductivity, and grain-size
distribution were oonducted on 10 shallow core samples and on one outcrop
sample. The results of the analyses are presented in table 3. For three
samples collected and analyzed by Uygur (1980), (C-39-2)5dc, (D-34-3)32ac, and
(D-35-4) Ida, 1¥draulic oonductivity was determined in directions IBrallel and
per~ndicular to bedding planes in the Navajo sandstone. All other samples
were collected by the author and analyzed by Core Laboratories, Inc., and
1¥draulic oonductivity was determined in directions p:1rallel and per~ndicular

to the land surfaoo.
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Comp:lrison of the resul ts of analyses for the Navaj 0, Entrada, and
Wingate sandstones (table 3) indicates, resed on the small number of samples
available, that hydraul ic conductiv ity in the horizontal direction is aoout
the same for all three forma tions. Hydraulic conductiv i ty in the vertical
direction is smaller in roth the Entrada and Wingate than in the Navajo. '!he
ra tios of horizontal to vertical hydraulic conductivity for the Navaj 0,

Entrada, and Winga te are, respectively, about 0.8 to 1, 1.5 to 1, and 3.6 to
1. '!he small differences between horizontal and vertical hydraulic
conductivity of the formations, eS};ecially the Navajo and Entrada, indicates a
strong tendency towards isotropism, and illustrates the small effect that
bedding planes within cross-bed sets ha'ITe on hydraulic conductivity.

Porosi ty is similar for all three forma tions, but the Wingate is finer
grained than either the Navajo or Entrada. '!he Navajo is very fine- to fine
grained, the Entrada is fine-grained, and the wingate is very fine-grained.
'!he sorting coefficient is about the same for all three formations.

Similar analyses were performed on samples collected to the northeast in
the lower Dirty Devil River l:asin (Hood and Danielson, 1981, p. 121), to the
soutiMest and west in the upper Virgin River and Fanab Creek l:asins (CordOlTa,
1981, p. 22), and farther west in the central Virgin River l:asin (Cordova,
1978, p.25). '!he results of analyses on samples from these areas and from
the Kaipuowits Plateau area are summarized in table 7.

Horizontal and vertical lwdraulic conductivity and median grain size all
increase significantly fran the oortheast to the southwest. R>rosity is arout
the same in all areas except in the central Virgin River basin, where it is
markedly less. Sortincrcoefficient values show 00 geograFhical trend.

'!hree shor~term cquifer tests were conducted in the Kaiparowits Plateau
area to determine transmissivity (T) and storage coefficient (S) of the Navajo
sandstone. 'lhe first test was near u.s. HigBoiay 89 about 5 miles south of the
utah-Arizona border, the second was near the shore of Wahweap Bay, and the
third was near the town of Boulder. '!he results of the tests are shown in
table 8, and records of the wells used are given in table 12 (at reck of
report).

'!he test near u.s. Highway 89 was a two-well test, and determinations of
transmissivity and storage coefficient were made from drawdown in the
observation well l::.¥ the qrpe-curve matching method (Lohman, 1972, Po 15-18).
'lhe tests near Waa..reap Bay and near the town of Boulder were roth single-well
tests, and transmissivity was determined l::.¥ the straigh~line solution method
(Lohman, 1972, p.19-21). Transmissivity for the three tests ranged from
5,700 to 7,000 feet equared per day. Storage coefficient determined fran the
test near u.S. Highway 89 was 0.0067.

In addi tion to the three short-term aquifer tests discussed above, a
fourth longer-term a:;{uifer test was conducted for Utah International Inc. l::.¥
Bingham Engineering. The loea tion is near Bald Knoll, 6 miles west of the
western border of the Kaiparowits Plateau area. 'lhe results of the test are
included tecause no cquifer-test data were collected within the roundaries of
the study area near the test loea tion, and the test is a 3 a-day test with a
pumped well, (C-40-5)21abc-l, that is screened in about 83 percent of the
Na'lTajo. 'lhe transmissivi1:¥ and storage coefficient values were determined 1:¥
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Table 7.--Comparison of hydrologic and physical characteristics of the Navajo Sandstone and results of aquifer tests
in the Kaiparowits Plateau area with those in the lower Dirty Devil River basin, the upper Virgin River and

Kanab Creek basins, and the central Virgin River badn
[Abbreviations used in column headings are as follows: rt/d, feet per daYi mm, milllmetersj rt2 /d, feet squared per day.]

Hydraulic conductivity: See p. vi.
Porosity: See p. vi.
Median grain size = dSO •
Sorting coefficient =~, where 0:3 = 25 percent quartile, Q1 = 75 percent quartile.
Transmissivity: See p. vi.
Stor86e coefficient: See p. vi.

Hydraulic conductivity (rt/d) Aquifer-test results

Vertical
Median

grain size (mm)
Sorting

coefficient
TranSlll.isdvity

(ft2 /d)
Storage

coefficient

lDean medianmedianmeanmedianmeanmedianmean

PoroUty
( percent)

mean medianmedianmeanmedian

Horizontal
Basin or

study area

--------------------------
Lower Dirty Devil River 0.16 0.05 0.56 0.052 25.6 ".8 0.15 0.12 1.4 1.5 l,5al l,5laO 0.0013 0.0015

Kaiparowits Plateau area 3.18 1.38 2.94 1.73 25.9 26 .1 .15 .15 1.3 1.3 9,050 6,850 .0044 .0045

Upper Virgin River and 3.35 3.84 3.06 3.38 25.7 27 .2 .19 .16 7,200 5,600 .0016 .0012
Kanab Creek

Central Virgin River 32 34 .18 .17 1.4 1.4 4,100 5,000 .04 .04

------------------

Table 8.--Results of aquifer tests in and near the Kaiparowits Plateau area
[Abbreviations used in column headings are as follows: gal/min, gallons per minute: ft. feet; ft2 /d, feet squared per day;

gal/Illin/ft of drawdown, gallons per minute per foot of drawdown.]

Well number: See "Numbering system for hydrogeologic-data sites". p. 5, and figure 2.
Tran8lllissivity: See p. vi.
Storage coefficient: See p. vi.

General area Date

Length
of

test
(hours)

Number

Test well

Us.
Pumping

rate
(gel/m1n)

Penetration of
sa turated Navajo

Sandetone thickness

Depth Percent
(ft)

TranemiSs1vity
(ft2 /d)

Storage
coefficient

211-hour
specific
capacity

(gel/m1n/ft
of drawdown)

5,700

6,700 0.0067

7,000

---------------------
U.S. Highway 89, 5 Feb. 9-10, 24 (A-~1-8)14bca-1 pumped 57 300 18

mi south of Utah- 1981
Arizona border 'lIbcbo-l observation 1,005 62

Near Wahweap Bay Apr.
"

1981 '3.75 (A-42-8)35dsb-2 pumped 730 360 220

Near the town of Apr. 23-211, 24 (1)"33-4 )35bbd-l pumped 410 3~0 225-35
Boulder 1981

Near Bal d Knol13 Dec. 29, 151.5 (C-40..5 )21abe-1 pumped 1,260 1,1112 B3
1980

Jan. 4, 16cdo-1 observation 1,455 a;
1981

21abbo-l obeervation 564 33

5, goO

12, goO

16,100

.0021

.0045

10.0

1Test scheduled for 24 hours, but pump shut down at 3.75 hours.
2 Es tima ted.
3 About 6 mi west of study area. Not shown on plate 1.
4Specific capacity calculated from dravdown after 119.7 hours of pumping.
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the author of this report from data collected by Bingham Engineering. The
saturated thickness of the Navajo is about 1,705 feet, and the ptml~d well is
screened in 1,412 feet of that thickness. Analysis of the test was conducted
using data from the first 151.5 hours. At that time, an unscheduled pump
shutoown occurred for a ~riod of 16 hours.

Two observation wells were used, one 300.77 feet and the other 1,671.16
feet from the ptml~d well. Transmissivity for the ptml~d well was determined
from drawdown data 1¥ the straight-line solution method (Lohman, 1972, p. 19
21), and transmissivity and storage coefficient for the oooervation wells were
determined from drawdown data 1¥ the type-curve matching method (Lohman, 1972,
p. 15-18). Results are shown in table 8. Transmissivity ranged fran 5,900 to
16,100 feet squared per day and storage coefficient ranged from 0.0021 to
0.0045.

'!he valoos obtained for transmissivity and storage coefficient from the
cquifer tests are subject to a degree of inaccuraC¥ because of deviation from
established test criteria. The most significant deviation is a lack of
complete ~netration of the aquifer by the pumped wells. '!he percent
~netrationof the pum~d wells in the three tests conducted in the study area
ranges from 18 to 35 ~rcent, and the ptmlped well in the test oonducted near
Bald Knoll is o~n to 83 ~rcent of the saturated thickness of the Navajo. No
attempt was made to adj ust val ues of tranmissiv i ty to account for partial
~netration of the saturated thickness of the aquifer.

Other factors affect the results of individual tests. '!he test near
Wahweap Bay had a oonstant head-boundary because Lake Powell is approximately
0.25 mile northeast of the ptml~d well. In addition, the accuraC¥ of water
level measurements obtained in the pum~d well during pumping in both the
tests near Wahweap Bay and Boulder is qoostionable oocause of IX>ssible leakage
from the pump column. Precise measurements oould not 00 obtained with a steel
tape and measurements with an electric tape were erratic. Because of this
problem, drawdown curves could not be plotted, and hence recovery data is
based only on relative changes in water levels during recovery, and not on
recovery from a measured drawoown.

The result of the inability to base recovery from a measured drawdown
curve is a lessrthan-actual amount of reCOl1ery; and a larger-than-actual vallE
for transmissivity is obtained if steady-state oonditions have not ooen re
established. Steady-state oonditions prol:ably had not reen r~established by
the conclusion of pumping because even 24 hours of pumping, as in the test
near Boulder, usually is insufficient time to r~establish equilibritml in the
Navajo Sandstone ground-water system, and the calculated transmissivity
prol:ably is too large.

The test near Bald Knoll produced transmissivity values at the two
observation wells in reasonably <:pod agreement with each other; however, the
value obtained at the pumped well was only one-third to one-half of those
obtained at the observation wells. A possible cause for the smaller
transmissivity of the pum~d well is a variation in the local geology. Stokes
(1964) indicates a significant fault with oonsiderable offset in the general
area of the test. Because of the scale (1:250,000) of the geologic map by
Stokes, precise location of the fault is difficult; however, it appears to
pass directly through the location of the ptmlped well and the proximal
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observation well. On a 1:24,000 scale map, Goode (1973) shows a faul t about
0.5 mile east and another less than 2 miles west of the three wells used in
the aauifer test.

Resul ts of aquifer tests outside the study area indicate a less clear
northeast-to-souwest increase in transmissiv i ty and storage coeff icient than
is the case for hydraulic oooouctivity and grain size determined fran shallow
cores and outcrop samples (table 7). Transmissiv i ty in the lower Dirty Del il
River basin (Hood and Danielson, 1979, p. 22-23) is less than that in the
Kaiparowits Plateau area; however, transmissivities in the central Virgin
River basin (Cordova, 1978, p. 27) and in the upper Virgin River and Kanab
Creek basins (Cordova, 1981, p. 24) also are less than in the Kaiparowits
Plateau area. storage coefficient is less in the lower Dirty Devil River
basin and greater in the central Virgin River basin than in the Kaiparowits
Plateau area, but it is about the same in the upper Virgin River and Kanab
Creek basins as in the Kai};8rowits Plateau area.

In addition to transmissivity values obtained fran aauifer tests, values
for transmissivities of the Navajo sandstone in the Kaip:lrowits Plateau area
have ~en estimated from the laboratory hydraulic oonc1uctivities of the six
shallow core samples. '!his estimation was made k¥ multiplying the laboratory
horizontal l¥draulic cooouctivity by the saturated thickness of the Navajo in
the area where each oore sample was collected. Results are shown in table 3.

Where the horizontal hydraUlic conductivity is unknown, it has been
estimated by multiplying the vertical hydraulic conductivity by 1.34, the
average ratio of horizontal-to-vertical hydraulic oonc1uctivity for the sites
where roth values are known. Where the saturated thickness is unknown, the
total thickness of the Navajo has been assumed to be saturated. This
assumption leads to Olerestimates of transmissivity, but indicates IX>ssible
maximum values.

Except at location (A-41-8)23dcd, the estimated values for transmissivity
were less than any of the values calculated from aquifer tests. Smaller
values are to ~ expected because the transmissivity values determined fran
core samples exclude the effects of secondary porosity resulting from
fracturing of the aquifer. The core samples are integral rock specimens,
whereas the aquifer tests are a direct, in situ evaluation of the aquifer's
gross hydrologic characteristics.

The results of the core analyses and aquifer tests as well as the
estimated transmissivities from core analyses all indicate a wide range in
hydraulic conductivity and transmissivity in the Navajo Sandstone in the
Kaiparowits Plateau area. '!he val ues given in this report need to be used
with caution: they indicate a general range of values in the area and may not
be applicable to s~cific locations. 'Ihe actual l¥drologic properties of the
Navajo in aI¥ given area can be determined only from detailed site-s~cific
iIllTestigations.
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GKUND WATER IN WE NAVAJO SANDS'IONE

Recharge

Recharge to the regional ground-water system of the Navajo Sandstone
primarily takes place in three areas--the southern flank of Boulder Mountain,
the Paria Plateau, and the outcrop area west of the Kaiparowits Plateau.
Recharge in these areas primarily is 1:¥ infiltration of ~ecipitation directly
into the fractured Navaj 0 outcrop or into the Navaj 0 from OITerlying
unoonsolidated dep:>sits.

'!he hydraulic gradient in the Boulder Mountain area is to the a::>uth (Na!j
from Boulder Mountain, and the hydraulic gradient in the Paria Plateau area is
to the northeast aWa!j from the Paria Plateau (fig. 5). In roth locations the
area of Navajo sandstone outcrop is large, and on the Paria Plateau additional
areas of Navaj 0 Sandstone are covered 1::¥ a veneer of dune sand. The southern
flank of Boulder Mountain is covered 1::¥ thick deposits derived from both
glacial and flwial activity. Most of the precipitation on Boulder Mountain
occurs in winter, and the canbination of the thick unoonsolidated dep:>sits and
slow rate of runoff from melting soowpack allows sufficient time for water to
~rcolate into the Navaj o.

'!he hydraulic gradient in the Navajo outcrop area west of the Kaipuowits
Plateau could not be determined because of insufficient water-level data;
however, the outcrop area is large and is in an area of intense f ractur ing
(fig. 4). 'nle fracturing prob:l.bly has caused significant serondary porosity.
Goode (1966, Po 28) characterizes the area as a "trenencbus recharge area".

In the Paria Plateau area, the Navajo Sandstone also is recharged by
upward leakage f rom the underlying Kayenta Formation. At the southwestern
margin of the paria Plateau, the water table is in the Kayenta and the
underlying Moenave Formation, and the Navajo is unsaturated. To the north,
the lower part of the Navajo is saturated, and farther north where the Paria
River is crossed 1::¥ u.S. Highway 89, the Navaj 0 is fully saturated and
oonfined 'nle hydraulic gradient to the northeast is less than the regional
northeast dip of the geologic strata.

Probable methods of recharge to the Navaj 0 Sandstone in other parts of
the study area are 1:¥ downward leakage from the OITerlying carmel Formation or
from arerlying saturated allwium. Recharge also ma!j occur 1:¥ seepage into
the Navajo from streams where the altitude of the water table is lower than
the streambed, but this oondition oould be COnfirmed in only one reach of the
Paria River.

Areas of downward leakage f rom the carmel Formation into the Navaj 0
(Page) sandstone have not been located, but it is likely that the process
takes place in the western part of the study area, most probably in areas
where structural deformation has caused fracturing in the carmel, or where
ground-water marernent has caused disa::>lution of salts in the carmel. Either
of the above situations could allow water to move from the carmel into the
Navajo.
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EXPLANATION

GENERAL AREA OF COMPLETE
SATURATION OF NAVAJO
SANDSTONE

o GENERAL AREA OF OUTCROP
OF ROCKS YOUNGER THAN
GLEN CANYON GROUP

GENERAL AREA OF OUTCROP
OF ROCKS OF GLEN CANYON
GROUP

• WATER WELL-Symbol next to
well Indicates principal aquifer
In which well Is completed: Je,
Entrada sandstone, JTRgc, Glen
Canyon Group, TRmo, Moenave
Formation, no symbol, Navajo
Sandstone

POTENTIOMETR IC-SURFACE
CONTOUR-Shows approximate
altitude at which water would
stand In tightly cased wells.
Contour Interval 500 feet
except near 89ulder, where
It Is 100 feet. Datum Is sea
level. Arrow shows general
direct Ion of ground-water
movement, dashed where
Inferred

CONTROL POINTS

GENERAL AREA OF OUTCROP
OF ROCKS OLDER THAN GLEN
CANYON GROUP

ITJJ

,...
Geology modified from Stokes, 1964;
Hackman and Wyant, 1973; and Haynes
and Hackman, 1971.

r, I I I 'I' 1,1.0 30 MILES
o 1 I I '10 2'0 KILOMETERS

37C!.-.

Figure 5.-Approximate potentiometric surface and general direction of
movement of water in the Navajo Sandstone and related formations.
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sareral locations indicate that the ~rmeability of the undisturbed msal
siltstone unit of the carmel Formation is sufficiently small to effectively
perch ground water and greatly inhibit downward leakage into the Navajo
sandstone. Five springs along the Hole-in-the-Rock Road in the Escalante
River basin as well as Adams Spring in the Paria River basin all discharge
from a limestone unit in the carmel directly abolre the msal siltstone (table
2). '!hese examples indicate that where the tasal siltstone unit of the carmel
is present and unfractured, downward leakage into the Navaj 0 is greatly
inhibited.

~nward leakage from werlying saturated alll1l1ium takes place in caI¥on
bottoms of tributaries of both the Escalante and Paria Rivers. A number of
springs in the caI¥ons discharge from alluvium and are the result of the
inability of the Navajo sandstone to accept all the available water from the
alll1l1iurn. Cbrnmonly the alll1l1ium has been derived from the Navajo, is sandy in
nature, and has a large porosi ty. Todd (1959, p.16) indicates a porosi ty of
30 to 40 percent for such material. Because of the large porosity, the sand
prwides an effective "holding reservoir" to retain runoff for eventual
seepage to the Navaj 0.

Areas where sandy alll1l1ium werlies the Navajo sandstone are nunerous,
but most are small compared with the outcrop area of the Navajo; however, they
protably oontribute a significant put of the recharge in the southern part of
the study area. 'Ihe precipi ta tion there is primarily in the form of summer
storms, and direct infiltration of water into Navajo outcrop is limited
because of its small ~rmeability.

Movement

Mwernent of ground water in the Navajo sandstone generally is toward the
central part of the Kaiparowits Plateau from the principal recharge areas--to
the northeast from the Paria Plateau, to the south from the Boulder Mountain
area, and to the east from the area west of the Kaiparowits Plateau (fig. 5).
Sub3~uent mwement of ground water under the Kaiparowits Plateau is to the
southeast toward Glen canyon and Lake Powell. 'Ihere probably are some local
variations in the di rection of mOiement caused I::¥ local geologic structure and
I::¥ discharge to the Escalante and Paria Rivers.

Presently (1982) there is a reversal of the pre-Lake Powell gradient for
several miles inland from the lake. 'Ihe original gradient toward Glen caI¥on
still exists regionally, however, and when equilibrium is re-established in
the grounc:}-water system, the reversed gradient along the lake shore protably
will no longer exist (see section on Effects of Lake Powell).

Discharge

Discharge f rom the Navaj 0 Sandstone occurs by spr ings and seeps
(including seepage to stream reaches), wells, evapotranspiration, upward
leakage into the overlying carmel Formation, and downward leakage into the
underlying- Kayenta Formation. During this study, an on-site inventory was
made of most springs shown on u.S. Geological Survey 7 1/2- and IS-minute
quadrangle maps and that ap~ar to discharge from the Navajo sandstone. 'Ihe
water sources identified as springs on the maps generally fall into three
categories: (1) Natural surface-water im{X)undrnents caused l¥ depressions in
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the surface of the Navajo (these are not really springs); (2) water
discharging from allUllium OITerlying the less-~rmeable Navajo; and (3) seeps
discharging from perched zones in the Navajo. Few springs discharge from the
main zone of saturation in the Navajo sandstone. Records of selected springs
from categories 2 and 3 are given in table 9.

'!he natural surface-water impoundments caused by depressions in the
surface of the Navajo sandstone create small reservoirs which prOlTide water
for limited local use, but the water in the impoundments is not discharged
from the Navajo. Where alluvium overlies the less-permeable Navajo, the
Navajo cannot accept water from the allUllium as rapidly as the allUllium gains
water during precipi tation, and water is discharged at the allwium-Navajo
contact. Discharge is from the alluvium, not from the Navajo, and water is
perched in the allUllium I:¥ the Navajo. seeps discharging from perched zones
in the Navajo mainly are present along canyon walls in the southern reaches of
the Escalante River drainage. Water usually oozes rather than flows and
generally the discharge is at the contact between cross-bed sets in the
Navajo. '!he amount of discharge typically is large enough to support some
plant life, and at the larger seeps some water moves down the canyon walls.
'lYPically, the seeps are located high on canyon walls, and the water is
evaporated prior to reaching the canyon floors. A seep in the canyon of
Fiftymile Creek at location (I>-4Q-8)24 is shown in figure 6.

Cooley (1965) conducted a reconnaissance of Glen canyon and tributary
canyons prior to inundation of the area by Lake Powell. The reconnaissance
included canyons of the lower reaches of the Escalante River and of streams
tributary to the Colorado River between the Escalante and Paria Rivers. In
the Kaiparowits Plateau area, (boley located 76 springs disdlarging from the
Glen canyon Group (the Navajo Sandstone, the Kayenta Formation, and the
Wingate sandstone). 'lhe total disdlarge from the 76 springs was estimated to
be 924 gallons per minute. Assuming constant discharge, total annual
disdlarge would have been 1,490 acre-feet per year.

Presently (1982), 40 of the 76 springs are below the surface of Lake
Powell. '!hese 40 springs accounted for 681.5 gallons per minute, or 74
percent of the 924 gallons per minute reported by Cooley (1965). The
ranaining 36 springs had a disdlarge of 242.5 gallons per minute.

Of the 36 springs in the Glen canyon Group above the water level of Lake
Powell, only 6 had estimated disdlarges of greater than 5 gallons per minute,
and only 1 had an estimated discharge of greater than 10 gallons per minute.
'!he six springs with discharges of greater than 5 gallons per minute were
inventoried during this study. Springs (1)-41-9) 8cdc-Sl and (I>-4l-9)29aa.:rSl
apPear to be discharging from sandy allUllium OITerlying the Navajo sandstone.
'!his water probably was originally recharged to the allUll ium and not to the
Navajo. Springs (I>-4l-9)2laalrSl and (I>-42- 8) 26cdd-Sl discharge at contacts
between cross-bed sets. '!he discharge point for (D-4l-9)2laalrSl is arout 20
feet above the level of Lake Powell, and the discharge point for
(I>-42-8)26cdd-Sl is arout 150 feet above the reservoir surface. '!hE!{ are roth
more accurately described as seeps and apparently discharge from perched
zones.

30



Table 9.--Records of selected springs discharging from the Navajo Sandstone or overlying alluvium
[Abbreviatione used in column headings are as tollows: ft, feet; gal/min, gallons per minute; °C, degrees Celsiusj mglL, milligrams per liter.]

Humber: See -NWllber1Dg system tor hydrogeolog1c..data sites", p. 5, and tigure 2.
Disoharge: E, estimated; H, measured.
Dissolved solids: C, calculated from specific conductance (specific conductance times 0.63).

NUllber

(C-38-1)33doa-"

Name of spring

Round Valley Seep

Al titude
of land

Subdrainage swoface
(ft)

Round Valley draw 6,140

Date
inven
toried

5-28-74
6-1~81

010
charge

(gal/min)

0.25M
No flow

Tem
per

ature
(OC)

16.0

Dis
solved
solids
(moIL)

3'0

Remarks

Price, 1fJl7b.
Damp alluvium, small amount of standing

water.

Cottonwood Creek 5,360

15.5 195
'5.5 160

(C-40-1) 11dd~S1

14obd-S1

16cba-S1

20ddd-Sl

22ddb-Sl

Pump Canyon Spring

do.

Hackberry Canyon

do.

Cottonwood Creek

5,220

5.260

5,210

5,140

7-23-64
5-2~74

10-23-80

7-22-64
6-1~81

7-21-64

7-21-64
11-'5-81

7-23-64
6-1~8'

8M
15E

7.5M

63M
60M

'OE

2E
No flow

1-2E
No flow

16.5
15.0

9.0

165
140
285

Goode, lc;66, table 2, no. 83.
Price, 1977b.

Goode, 1 c;66. table 2, no. 85. Dis charge:s
from alluvium. Water probably originates
from underlying Navajo Sandstone.

Goode, lc;66, table 2. no. 81.

Goode, 1956. table 2. no. 82.
Damp alluvium and standing water. Pro~

ably perched by underlying Navajo
Sandstone.

Goode, 19>6, table 2, no. 88.
Damp alluvium and large oottonwoods.

23bba-Sl

23bcb-Sl

23dbd-Sl

(C-lI()..2)29dcb-S'

3000... S1

300od-S1

300do-Sl

33baa-S1

(0-41-3) 18aoo-Sl

(C-41-4) lbao-Sl

(o..3 __3)13do -S

13dc -S

(0-35-6 )21co...81

210od-Sl

(0..36-4) '6dbb-Sl

(D-36-5>35aao-S1

(0..36-6 )27bab-Sl

(0..38-6 )21ddd-SI

Cottonwood Spring

Wildcat Spring

Sand Spring

Tenmile Spring

Cat Wall

do.

do.

do.

J':i tahen Canyon

Nipple Lake

do.

do.

J:1 tchen Canyon

neer Spring Wash

do.

Death HollOW

do.

Horae Canyon

do.

Harris Wssh

do.

do.

Dry Fork Coyote
Gulch

5,120

5.180

5,430

5.550

5.550

5,550

5,320

5.760

5.790

5.790

5.300

5,250

5,320

4,950

4.790

4.840

7-20-64
~25-79

7-23-64
6-1~81

10-30-79

6-12-81

6-12-81

6-'2-81

10- ~81

6-14-81

10-16-67

10-16-67

10-22-81

10-'4-67

10-14-67

10-22-81

31

58M
60E

2E
No flow

12M

No flow

IE

1M

105M

10E

8-10E

<1M

<,M

Damp

2-3E

105M

IE

15.5 200
16.0 175

18.5

10.5 280

15.5 380C

16.5 230

15.5 260

11.0 2-40C

10.0 140C

Goode, 1c;66, table 2, no. ai. D15oharge:s
from alluvium. Water probably originates
from underlying Navajo Sandstone.

Goode, 1 c;66, table 2, no. 87.
Damp alluvium and large cottonwoods.

Discharges from Thousand Pockets Tongue
of Page Sandstone.

Saturated alluvium. Water probably
perched by underlying Navajo Sandstone.
No aooess to spring. Located at bottom
of Kitohen Canyon. Spring appears to be
source of streamflow in Kitchen Canyon.

Saturated alluvium at lake ahore. Spring
disoharges to Nipple Lake.

Water seeping from saturated alluvium at
lake shore. Spring discharges to Nipple
Lake.

Disoharge forms 200 ft by 500 ft pool.
Spring; discharges to Nipple Lake.

Sa turated alluvium. Water probably
perohecl by underlying Navajo Sandstone.
No aCQ8S8 to spring. Located at bottom
of Kitohen Canyon. Spring appears to be
source of streamflow in Kitchen Canyon.

Discharges from alluvium. Water pro
bably perchecl by underlying Navajo
Sandstone.

Do.

Goode, l!i6 9, table 1, no. 27. South side
or canyon bottom, discharge spurts from
Navajo Sandstone.

Goode, 19)9, table 1, no. 28. North side
of canyon bottom.

D1sCharges from alluvium. Water proba~

ly perched by underlying Navajo
sandstone.

Do.

Goode, 1!.l) 9, table " no. 29.

Goode, 19) 9, table 1, no. 31. Seep from
bedding planes.

Discharge probably at Navajo Sandstone
Kayenta Formation contact.

Potable. Reported by U. S. Gardner,
U.S. Bureau of Land Management, June 18,
1976.



Table 9.--Reoords of selected springs discharging from the Navajo Sandstone or overlying alluvium---Continued

Altitude Date Tem- Dill-
of land invelP D18- per- solved

Number Name of spring Subdrainage surface tor1ed charge atW"e soUds Remarks
( ft) (galllllin) (Oe) (""/L)

---------
(D-3 9- 8) 18ccd-S1 Hurricane Wash 4.' 90 '0-2'-8' Air reconnaissance. Water in alluvium.

Probably perched by underlying Navajo
Sandstone.

(D-3 9- 9)3 4aaa-S1 Explorer Canyon 3.850 9-'7-59 5-10E Cooley. , \1>5. table 3. GJ-322. Air
reconnaissance •

6-16-8' 5-'OE Hul tiple sources of discharge from. the
Navajo Sandstone.

34cbc-S1 do. 3.700 6-'6-8' 2-4E Discharge from NavajO Sandstone.

(D-40-8)23 bdb-S, Wl1low Gulch 3.950 10- 7-81 Water in alluvium. Probably perohed by
underlying Navajo Sandstone.

(D-40-9)32bao-Sl Davis Gulch 3.400 9-'7-59 50E Cooley, 1!lI5. table 3, GJ-316. Air
reconnaissance. Head of perennial rIow.
Inundated by Lake Powell.

34aco-S1 Clear Creek 3.525 9-17-59 25-50E Cooley, 1!lI5. table 3, GJ-3'5. Air
reconnaissance. Head of perennial flow.
Inundated by Lake Powell.

35ad0-51 Indian Creek 3,550 9-'7-59 25-50E Cooley, , !lI5. table 3, GJ-314. Air
reconnaissance. Head of perennial flow.
Discharges from joint. Inund.ted by Lake
Powell.

R(D-40-9) ladb-S1 Long Canyon 3,650 9-'7-59 50E Cooley, 1g)5, table 3, GJ-340. Air
reconnaissance. Inunds ted by Lake
Powell.

(D-41-9) 3acc-S1 Glen Canyon 3,500 4-22-56 10-15M Cooley. 19>5, table 3, GJ-'03. At Hole in
the Rock. Disoharge:s from bedding planes
and fault:s. Inundated by Lake PowelL

60de-51 Llewellyn Gulch 3.740 9-'7-59 'OE Cooley, , !lI5. table 3, GJ-298. Head of
flow in Llewellyn Gulch.

6-'6-8' No :spring found. Flow begin3 about 2
ml1e8 upstream frag lake ahore (when lake
elevation is 3,677 ft), and 8teadl1y
gain8 flow in downstre. direction. Flow
i:s about 30 galhain 0.5 mile upstream
from lake. Several seeps in canyon.

21aab-S1 Glen Canyon 3, tK)O 8-'3-58 5E Cooley, 1 \1>5. table 3, GJ-210. D1aoharge:s
from bedding plane8 in Navajo Sandstone.

6-17-81 5E Discharges from oontact between OrOSs-
bed ISeb. Less than 1 gal/a1n discharges
into lake. R_ainder supportB plant
Ufe at discharge site or evaporate:s
fraD bedrock 8urface.

30aa&oo81 Tributary to 3.700 9-17-59 10E Cooley, 1 \1>5. table 3, GJ-2!l1 • Discharge8
Cottonwood Gulch from joint 1n Navajo Sandstone. Head of

perennial flow.
6-'7-81 No 8lring found. Water begins flow out

of alluviua about 0.5 mile up8treu. frOID
lake ahore, and 15 te.dl1y gaina flow 1n
downstream direction.

(D-42-7>36 dad-S' Dangling fto pe 3.360 8-14-58 15E Cooley, , !lI5. table 3, GJ-219. Combination
Canyon 8pring, diBcharges from large j01ntB.

Inundated by Lake Powell.

(D-42-8)26odd-S' Glen Canyon (small 3. 'l20 8-13-58 5-'OE Cooley, 19>5, table 3, G.l-215. Dhoharges
Bide oanyon) from joints and bedding planes.

6-17-8' 5-10E Discharges from oontact between or08&-
bed 8eta high on oanyon wall, about 150
feet above lake level.

R(D-42-8)25dba-S1 Navajo Valley 3,300 4-24-58 '5H Cooley, 19>5, table 3. GJ-105. Bed of waah
1n amphitheater. Inund. ted by Lake Powell.

(D-43-5)13odo-Sl Padre Creek 3.280 9- '-58 200H Cooley, 1!lI5. table 3, G.l-248. Combination
ISpring at head of _all oanyon. Inundated
by Lake Powell.

211da8-S1 Glen Canyon 3.280 9- '-58 80H Cooley, 19>5, table 3, GJ-249. Discharges
frOll joints and bedding planea. Inundated
by Lake Powell.

35da&ooS1 Gunsight Canyon 3.280 9- 1-58 15H Cooley, 19>5, table 3. GJ-250. Dischargea
from large joint in bottaa of canyon.
Inundated by Lake Powell.

(A-41-9) 8ada-S1 Glen Canyon 3.170 9- 1-58 25E Cooley, 1!lI5. table 3. GJ-2411. Dieohargea
(Arizona) from bedding planea on 8ide or olitf.

Inundated by Lake Powell.
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Figure 6.-Seep from the Navajo Sandstone in wall of canyon of
Fiftymile Creek at location (0-40-8)24. Seepage occurs near
top of dark staining on canyon wall, about 6 feet above bed
of creek.

Spring (Ir-35}-9)34aaa-Sl is in Explorer canyon and may discharge from the
main zone of saturation in the Navajo Sandstone. A secxmd spring in Explorer
canyon, (Ir-35}-9) 34cbc-Sl, not pre.v iously reIX>rted but inventoried during this
study, also appears to discharge from the main zone of saturation in the
Navajo. Discharge of (D-39-9)34aaa-SI was 5 to 10 gallons per minute, about
the same as Cooley's estimate (1965, table 3), and discharge of
(Ir-3~9)34cbc-Sl was aoout 5 gallons per minute.

Spring (D-40-9)l9bba-Sl was observed by Cooley (1965, table 3) from an
aircraft, and he estimated the spring to have a discharge of 50 gallons per
minute. '!he location coordirates given for the spring place it in the canyon
of Fiftymile Creek, but the general location is stated by Cooley as Dav is
Gulch, which is se.veral miles south of the canyon of Fiftymile Creek. (boley's
description of the spring source (a fault or large joint) indicates that the
site is in the canyon of Fiftymile Creek, but no discharge was found when the
si te was inventoried during this study. '!he fault or large joint has caused a
small side canyon to be formed but no water flowed from the canyon during the
imentory .

Of the 40 spr ings discharging f rom formations in the Glen canyon Group
that have been inundated by Lake Powell, 17 had discharges estimated to be
more than 5 gallons per minute, and 11 had discharges estimated to be more
than 10 gallons per minute. 'lhe springs with discharges of more than 10
gallons per minute are shown on plate 1 and listed in table 9. The maximum
estimated discharge was 200 gallons fer minute from (Ir-43-5) 13cdc-Sl. AI though

33



investigation of the 11 springs with discharges of more than 10 gallons per
minute is impossible, their locations indicate that the discharge is from the
main zone of saturation. Eight are located within a mile of the original
Colorado River channel and three are located in side caI'¥0ns of the Escalante
River basin near the river's original mouth. The total estimated discharge
from the 11 springs was tetween 510 and 565 gallons per minute, or tetween 823
and 911 acre-feet ,[:er year, assuming constant disdlarge.

In addition to discharge from specific springs, Cooley (U.s. Geological
Survey, written oommun., 1982) estimated the streamflow of tributaries of the
Colorado River in Glen caI'¥on. '!he tributaries and their estimated
streamflows are listed in table 10. '!he streamflows represent ground-water
seep:lge from all the formations into whidl the tributary caI'¥0ns are cut and,
therefore, are maximum values for discharge from the Navajo Sandstone. In
addi tion, some of the estimates were made in April and May and may include
streamflow from snowmelt or in response to precipitation, and some were made
in August and may not include all of the ground-water seepage because of
losses to evapotranspi ration. The total streamflow estimated f rom the
tributaries was between 5.3 and 8.2 cubic feet per second, or between 3,800
and 5,900 acre-feet ,[:er year, assuming constant flow.

As noted in the surface-water section of this report, the Navajo
Sandstone also discharges water to some reaches of the Paria River. The
minimum discharge was determined to be about 2.8 cubic feet per second, or
2,000 acre-feet per year, f rom streamflow measurements made on October 23,
1982 (table 6). '!he maximum discharge was determined to be 11.6 cubic feet
per second, or 8,400 acre-feet per year, as determined f rom the average of
three streamflow measurements made on April 22 and August 25, 1981, and
Mardl 3, 1982. The smaller value is only for the reach where the floor of
Paria canyon is in the Navajo Sandstone. '!he larger value includes
interaction of the stream with the carmel Formation on the upper end of the
reach from U.S. Highway 89 to Lees Ferry, and interaction with the Kayenta,
Moenave, and Chinle Formations on the lower end of the reach. '!he majority of
the discharge probably is from the Navajo, Kayenta, and Moenave. Upward
leakage from the Moenave to the Kayenta and from the Kayenta to the Navajo
occurs near the southwestern margin of the Paria Plateau (see Recharge
section). Downward leakage from the Navajo into the underlying Kayenta and
Moenave probably occurs prior to discharge into the canyon cut by the Paria
River in the northeastern part of the Paria Plateau, and part of the water
discharged l:¥ the Kayenta and Moenave probably has been disdlarged previously
l:¥ the Navajo. '!he 8,400 acre-feet ,[:er year thus represents a maximum value
for both direct and indirect disdlarge from the Navajo to the Paria River.

Five springs discharge from the Navajo Sandstone along a 2.5-mile section
of the East Kaibab monocline (pl. I), including Pump canyon and Cottonwood
Springs, (C-40-1)11ddb-Sl and (C-40-1}23bba-Sl (table 9), but the springs are
not discharging from the main zone of saturation in the Navajo. Rather they
are discharging from a perched zone in the Navajo, caused by intertonguing
tetween the Navajo and the less ,[:ermeable carmel Formation. SE.'ITeral springs
have been reported in the Boulder-Escalante area by residents and by Goode
(1969, p. 15), particularly in the Mamie Creek and Calf Creek drainages.
These springs are in areas of recharge to the Navajo and probably represent
rejected recharge from the main zone of saturation in the Navajo.
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'!able 10.--seeJ;age to tributaries of the Cb10racb River in Glen canyon
fran the Navajo sandstone, Kayenta Formation, and Wing:ite sandstone

[Abbrev iation used in 001 unn headings: gal/min, gallons ~r minute.]

Discharge fran individual. springs: e, estiIrated.

Gross Disdlarge Net
discharge fran disdlarge

rate in strean rate individual l:¥
Tributary measured channel measured Stxings seepige

(gal/min) (gal/min) (gal/min)

1
Long canyon 8-12-58 50 9-17-59 50 0

8-12-58
1

L1&lellyn Gulch 25 9-17-59 10 15

Hidden RisEBge 4-23-58 225 9-17-59 <10 15-25

Driftwood canyon 8-13-58 15 8-13-58 5-10 5-10

Dmgling Rope 8-14-58 10 8-14-58 20e 0
canyon

Rock Creek 4-22-58 75 4-25-58 25-35 40-50

Last Chance creek 8-14-58
3

200 0-200

Kane Creek 8-15-58 50- 9- 1-58 10 40-90
100

Padre canyon 1(}- 1-58 200 9- 1-58 200 0

0.5 mile 10- 1-58 00 9- 1-58 00 0
downstream
fran Ridre
canyon

Gunsight canyon 9- 1-58 15 9- 1-58 15 0

Wann creek 9- 1-58 300 9-18-59, 5-15 285-295
12- -59

Walweap creek 4-26-58 2,000- 0 2,000-
3,000 3,000

1
2Discharge fran Wing:ite sandstone.
3Disdlarge fran Kayenta Forma tion.

Discharge rep::>rted to te sumner rmoff--water rep::>rted to te mudc\'.
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Based on the foregoing discussion, total annual discharge of springs and
seep:lge from the regional ground-water system (main zone of Eaturation) in the
Navajo Sandstone is estimated to be between 6,600 and 15,200 acre-feet.
Included in this value is the 823 to 911 acre-feet from inundated springs, the
3,800 to 5,900 acre-feet from tributary discharge in drainages other than the
Paria River, and the 2,000 to 8,400 acre-feet from discharge in the Paria
River drainage. The assumptions that discharge f rom inundated springs is
continuing at pre-inundation rates, and that all flow in tributary ail'¥0ns is
ground-water discharge from the Navajo and has not been affected by
evapotranspiration, runoff, or ground-water discharge from other formations,
contribute to possible inaccura,¥ of the estimate; nevertheless, the estimate
gives an order-of-magnitude estimate of discharge from springs and seeFElge.

'!he quantity of discharge from wells completed in the Navajo Sandstone in
the Kaiparowits Plateau area is estimated to be about 1,500 acre-feet per
year. In recent years, about 300 acre-feet per year have been withdrawn in
the wahweap Bay area to supply water to the Glen Qil'¥on National Recreation
Area. '!hree other wells supply water from the Navajo sandstone for d>mestic
use in the wahweap Bay area: two wells supply water to small groups of mobile
homes, and the third well supplies water to a motel. 'Ibtal annual discharge
from these three wells is estimated to be no more than 100 acre-feet.

'!hree wells in the Faria River-U.s. Highway 89 area supply water from the
Navajo sandstone for domestic use. Two wells supply small groups of
residences and the third supplies the visitors' center at the Paria canyon
Primitive Area. Total annual discharge from these three wells is estimated to
be no more than 30 acre-feet.

Four irrigation wells and five oomestic wells withdraw water from the
Navajo Sandstone in the Boulder area. About 300 acres, nearly all of which
are in alfalfa, are irrigated with water from the Navajo. The U.S. Soil
COnservation Service (Verl Matthews, oral commune, May 1982) has estimated
annual consumptive use in the Boulder area for alfalfa to be 25.96 inches,
which indicates a total maximum discharge from the irrigation wells of
approximately 650 acre-feet annually at 100-percent irrigation efficien,¥.
'!he estimated efficienc;r of the sprinkler systems in use is 65 to 70 ~rcent.

'!he 65-percent value gives a total annual water requirement of 1,000 acre
feet. Annual discharge from the five domestic wells in the Boulder area is
estimated at 5 acre-feet.

Evapotranspiration in the Kaiparowits Plateau area is difficult to
estimate, but protably is small. '!he Utah Division of Water Resources (1!176,
P. 47-55) has estimated annual wetland consumptive use in the Escalante River
basin to be 1,440 acre-feet. '!he definition of consumptive use by the Utah
Div ision of Water Resources (1976, p. 41) is similar to the def ini tion of
evapotranspiration by Langbein and Iseri (1$0, p. 9).

In the estimate by the Utah Div ision of Water Resources, the Escalante
River basin is subdivided into three subbasins (fig. 7). Of the 1,440 acre
feet of wetland consumptive use in the Escalante River tasin, 720 acre-feet
are estimated to be consumed in subtasin 1 and 600 acre-feet are estimated to
be consumed in subtasin 2. '!he Navajo sandstone is at or near the surface in
only a small p:lrt of these subbasins. Outcrop of Navajo Sandstone in subbasin
1 comprises less than 10 percent of the subbasin area; therefore,
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Figure 7.-Subdivisions of the Escalante River basin used in wetland consumptive-use

determination (from Utah Division of Natural Resources, 1976, p. 311.
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e.rapotranspiration from the Navajo Sandstone in subbasin 1 is estimated to be
negligible. '!he Navajo is at or near the surface in about one-third of
subbasin 2; hCMe.rer, most of the area is uplands and the depth to ground water
is generally belCM the depth of potential e.rapotranspiration. For example, the
depth to water in six wells in the Boulder area ranges from 80 to 445.6 feet.
EYapotranspiration from the Navajo in submsin 2 is estimated to be atx:>ut the
same as in subbasin 3. Wetland oonsunptive use in subbasin 3 is estimated to
be 40 acre-feet per year, much of which prombly is from the Navajo. Based on
the above limited observations, e.rapotranspiration from the Navajo Sandstone
in the Escalante River msin is estimated to be atx:>ut 100 acre-feet per year.

The Faria River msin contains SE!l/eral stream reaches where the Navajo
Sandstone is at or near the surface and could be affected by
e.rapotranspiration: notably in Kaimb Gulch, along Hackberry Creek, and along
the Paria River mainstem, 1:x>th in Faria Quwon and in a reach about 10 miles
south of cannorw HIe (pI. 2). The condi tions in these areas are similar to
those in subbasin 3 of the Escalante River basin. '!he canyons are steep and
narrow and phreatoJ;hytes are few in nunber. '!he amount of e.rapotranspiration
from the Navajo Sandstone in the Faria River msin, therefore, is estimated to
be about the same as that in the Escalante River basin, about 100 acre-feet
per year.

In the Wahweap Creek basin probably no significant evapotranspiration
from the Navajo Sandstone occurs. Glen carrion is the only location where any
Navajo Sandstone is exposed, and inundation of the canyon has precluded
evapotranspiration there.

In sunmary, the amount of evapotranspiration fran the Navajo sandstone is
small because areas where the saturated Navajo is at or near the land surface
(in reach of phreatophytes) generally are limited to deep, narrow canyons.
El\7en in those areas, {ilreatopt!{tes apparently exist chiefly on perched water
in stream-valley alluvium. The estimated annt:al discharge fran the Navajo
sandstone I::¥ evapotranspiration is only a1:x>ut 200 acre-feet.

Some water probably discharges from the Navajo Sandstone l::¥ upward
leakage to the carmel Formation. This oondition apparently exists in the
northern Paria Plateau area where water is confined in the Navajo and the
hydraulic gradient is upward from the Navajo to the carmel. 'lbe oondition
probably also exists beneath the Kaiparowits Plateau where the Navajo is
assumed to be fully saturated. '!he amount of water discharging from the
Navajo Sandstone I::¥ uplard leakage is unknCMn.

Downward leakage from the Navajo sandstone into the underlying Kayenta
and Moenave Formations apparently takes place in the southern part of the
Paria Plateau area near the margin of the plateau. saturated thickness of the
Navajo Sandstone in the area is very small. At four wells, (A-39-4)6cbb-l,
(A-40-4)19bal:rl, (A-40-5)5ccc-l, and (A-40-6)3ccc-l, the Navajo is canpletely
unsaturated, and the water table is in the underlying Kayenta and Moenave
Formations. Direction of ground-water movement in the area is to the
northeast, away from the area of unsaturated Navajo (fig. 5). South of the
Faria Plateau, the Navajo, Kayenta, and Moenave are absent. '!he only promble
source of ground water in the Kayenta and Moenave Formations is precipitation
on the Paria Plateau, which infiltrates into and mOl7es downward through the
Navajo and into the underlying Kayenta and Moenave.
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Whether Chwnward leakage occurs in other areas is unknown. certainly,
downward movement is impeded I:¥ the underlying Kayenta Formation, as is
evidenced I:¥ springs and seeps at the Navajo-Kayenta contact at several
locations in the canyons of the Escalante River basin. Examples are spring
(Ir-36-6) 27bab-Sl (table 9) in Harris Wash and seeps along the canyon wall of
the Escalante River at general location (Ir-36-6). The amount of water
discharging from the Navajo sandstone l:¥ oownward leakage is unknown.

In summary, estimated values for disdlarge from the Navajo sandstone can
00 made only for springs and seep:ige, wells, and evapotranspiration. Uplard
and downward leakage cannot be quantified with the data available. 'lhe total
quantifiable discharge from the main zone of saturation in the Navajo
Sandstone is estimated to be between 8,300 and 16,900 acre-feet: 6,600 to
15,200 acre-feet from springs and seep:ige, 1,500 acre-feet from wells, and 200
acre-feet I:¥ evapotranspi ra tion.

Storage

The amOlD'lt of water recoverable fran storage in the Navajo sandstone in
the Kaiparowits Plateau area can only be roughly estimated because data
regarding the saturated thickness of the Navajo are very limited. In order to
estimate the volume of water reCOlerable from the Navajo, the following data
were used: the specific yield of the formation, total thickness of the
formation, the altitude of the top of the formation, and the altitude of the
surface of the saturated zone. Where the Navajo is completely saturated, the
saturated thickness is 8:Jual to the total thickness. Where the Navajo is not
completely saturated, the saturated thickness has been estimated by
subtracting the al titude of the surface of the saturated zone from the
al ti tude of the top of the formation, and subtracting that difference f ran the
total thickness of the formation. Known altitudes of the top of the Navajo
are shown in figure 8 and known thiclmesses of lx>th the Navajo and the entire
Glen canyon Group are shown in figure 9. Areas where the Navajo is canpletely
saturated are shown in figure 5.

The values stated for water recoverable from storage in the Navajo
sandstone are the amounts that rould 00 theoretically reCOlered if the Navaj 0
oould be oompletely drained. The actual amounts of water recoverable from the
Navajo are less than the amounts stated because of various physical
limitations, including well sp:icing and well yields; and various economic,
legal, and emironmental ronstraints.

Meinzer (1923, p. 28) defines specific yield as the ratio of (1) the
volume of water that, after being saturated, a rock or soil will yield to
gravity to (2) its own volume. Hood and Danielson (1981, p. 36) have
estimated the specific yield of the Navajo sandstone in the lower Dirty Devil
River basin to be 9 percent. In this report, an estimated specific yield of
10 percent has been used to allow for the slightly larger total porosity
values in the area comp:ired to those in the lower Dirty Devil River basin
(table 7).
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Figure a.-Approximate altitude of the top of the Navajo Sandstone.
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Figure g.-Approximate thickness of the Navajo Sandstone and the Glen Canyon
Group, undivided.
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The area where the Navajo Sandstone is completely saturated is about
1,400 square miles and the average thickness is estimated to be 1,600 feet.
The amount of water recoverable in the area is estimated to be about 140
million acre-feet.

North and west of the area of complete saturation, very little
information al:x>ut water in the Navajo sandstone is available. It varies fran
nearly 100 percent saturated bordering the zone of complete saturation to
totally unsaturated, as at well (D-35-4)20cca-l. Because of the lack of
information, an average of 50 percent saturation has teen asslllled. 'Ibe area
is approximately 750 square miles and the average estimated saturated
thickness is 1,000 feet. 'Ibe amount of water estimated to te reooverable fran
storage in this area is al:x>ut 50 million acre-feet. 'Ibe total amount of water
reooverable fran the Navajo sandstone in the entire Kaip:lrowits Plateau area
is estimated to be al:x>ut 190 million acre-feet.

'!he few available water-lE!l7e1 reoords for the Kaip:lrowits Plateau area
(fig. 10; and table 13, at back of report) are insufficient to indicate
significant long-term changes in storage except in the Lake Powell area. '!he
ground-water system in most of the Kaip:lrowits Plateau area is assumed to be
in a state of Equilibrium whereby ground-water recharge and discharge are
virtually equal over the long term. Considering the small amount of
withdrawal by wells in the area, it is unlikely that there has teen aJ¥ major
long-term decrease in storage. 'Ibe variations in water lE!l7els given in figure
10 and table 13 primarily are caused by seasonal variations in recharge and
discharge, including withdrawals. 'Ibere has teen a significant increase in
storage adjacent to Lake Powell tecause of the lake's effect on ground water
in the area (see section on Effects of Lake Powell).

Chemical Qnal ity

Dissolved-solids concentrations were measured for 27 water samples
collected f rom the Navajo Sandstone (table 14, at back of report) and were
estimated for 10 additional samples for which only specific cxmductance of the
water was measured. 'Ibe estimates are based on a dissolved solids to specific
conductance ratio of 0.63 to 1 for the 27 analyzed samples. Based on the
determined aoo estimated dissolved-solids cxmcentrations, water in the Navajo
ranges from fresh to slightly saline. It is fresh in the principal recharge
areas (near Boulder Mountain, the Faria Plateau, and west of the Kaipuowits
Plateau). In these areas, the Navajo is either at the surface or OITerlain by
allwillIl or dune sand. '!he water is slightly saline in the area of complete
saturation near the Faria River where it is crossed by u.s. Highway 89, and in
the Wahweap Bay area near Lake Powell. In both of these areas, the carmel
Formation OITerlies the Navajo and is generally at the land surface.

Information regarding the quality of water in the Navajo Sandstone
underneath the Kaiparowits Plateau is scarce, and what is available from
records of oil-test holes is qualitative. '!he water prol::ably is saline, and
the degree of salinity protably varies with location.

In this rep:>rt, ground water has been classified chemically using the
system of Davis and DeWiest (1966, p. 119). In their system, only ions
present in concentrations that represent more than 20 percent of the total
milliequivalents per liter of cations or anions are used to name the water
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Figure lO.-Water levels in selected observation wells completed in the
Navajo Sandstone.
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Figure lO.-Water levels in selected observation wells completed in the
Navajo SandllQne-Continued.

type, and an ion present at levels greater than 60 percent of the total
milliEquivalents of cations or anions is used alone to name the water type. In
mixed water types, ions present in amounts greater than 20 but less than 60
percent of the total cations or anions present are listed in descending order
of ooncentration. For example, the sample oollected fran well (A-4l-8)4dda-l
on August 31, 1981. had a cation CQnIX>sition of 40 percent sodium, 31 percent
calcium, 26 percent magnesium, and 3 percent potassium; and an anion
composition of 44 percent sulfate, 37 percent bicarbonate, and 19 percent
chloride. This water is classified as sodium calcium magnesium sulfate
bicarlx>nate. In most cases there are fewer ions with percentages greater than
20 percent of the total cations or anions present and the description of the
water type is much simpler.

'!he chemical type of water in the Navajo sandstone varies considerably
depending chiefly on dissolved-solids ooncentration. In the areas of redlarge
and where the Navajo is at the surface (near Boulder Mountain, the Paria
plateau, and west of the Kaiparowits plateau), the water type is calcium
magnesium bicarlx>nate. In the area near the Paria River and U.s. Highway 89,
the water type is sodium calcium sulfate. In the Wahweap Bay area, the water
type generally is sodium calcium sulfate bicarlx>nate. Q>noentratio115 of major
oonstituents in water samples collected at selected sites are given in 'lable
14.
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Water temperature in the Navajo Sandstone varies with distance from
recharge areas. In the recharge areas, average temperature of five samples in
the Boulder area was 13.1 OCt and the average temperature of three samples in
the Paria Plateau area was 13.3 oc. Near the area of discharge, in the
Wahweap Bay area, the average ternp:!rature of 13 samples oollected f rom eight
wells was 22.2 0c. '!he water temperatures measured during collection of
samples for chemical analyses (table 14) ranged from 11.5 0C at well
(D-33-4)35bbd-l to 24 0c at wells (A-41-8)4dda-l, (A-42-8)35dab-2, and
(A-42- 8) 35dc&-1.

Effects of Lake Powell

Lake Powell, formed in Glen Guyon 1:¥ imp:>Undment of the Colorado River
behind Glen Ql1'¥on nam, has had a significant effect on ground water in pirt
of the Kaiparowits Plateau area. Prior to formation of Lake Powell, there was
a natural ground-water gradient toward the Colorado River, the channel of
which is at an altitude of 3,142 feet at Glen QllYon D:UIl. '!he filling of Lake
Powell began in the fall of 1962 and by June 1900, its surface altitude was
3,700.5 feet, or 558.5 feet higher than the channel of the Colorado River at
Glen O1lYon I:e.m (fig. 11; and table 15, at tack of report). '!hat increase has
caused the groun&-water system to be out of e:;Iuilibril.ll'l near the lake, with
the following effects: (1) significant rises of water levels in wells near
the lake shore, (2) a reversal of the ground-water gradient near Lake Powell,
(3) local changes from unoonfined to confined conditions in the Navajo
sandstone, and (4) local changes in the q uali ty of ground wa ter near Lake
Powell. '!he relation of groun&-water levels in three wells to the changing
surface altitude of Lake Powell is shown in figure 11 and tables 13 and 15.

'!he largest observed water level rise during filling of Lake Powell was
357 feet in well (A-4l-8)4dda-l (table 13). '!he water levels in wells
(A-41-8)23dac-l and (A-42-8)36cbc-l near the lake have risen, resp:!ctively,
343 and 348 feet, and the water level in well (D-43-2)l4tab-l, about 4 miles
from the lake, has risen 2 8 feet (fig. 11 and table 13). '!he water levels in
wells (D-43-1)2bda-l and (D-43-1)2cab-l, which are about 11 miles from the
lake, have risen about 10 feet (table 12). The water-level rises in wells
(D-43-2)14bab-l, (D-43-1)2bda-l, and (D-43-1)2cab-l are a result of the
flattening of the ground-water gradient toward Lake Powell rather than a
direct result of bank storage. '!he water levels in the wells are at
significantly higher altitudes than the surface of the lake--as much as 350
feet at well (D-43-1)2caJ:r1.

'!he regioIBl ground-water gradient is ta-lard Glen Ql1'¥on and Lake Powell
as is indicated 1:¥ water levels in wells in TcMnships 43 and 44 SOuth, Ranges
2 and 3 East (fig. 12). '!be water levels are at a higher al ti tude than the
surface of Lake Powell, and groun&-water mOlTement is ta-lard the lake. Near
the shore of Lake Powell, ha-lever, ground-water levels measured in 1900, 19m.,
and 1982 in wells in Townships 41 and 42 North, Range 8 East, are at a lower
al ti tude than the surface of Lake Powell, and indica te a ground-water gradient
and ground-water mOlTement aw~ from the lake. For example, the ground-water
level at well (A-42-8)32cdd-l, about 1.5 miles fran Glen O1lYon I:e.m, is about
88 feet lower than the surface of Lake Powell.

The local reversal of the gradient near the shore of Lake Powell is due
to the inabili ty of the Navaj 0 Sandstone and other forma tions to readily
accept water into tank storage as rapidly as the level of the lake has risen.
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Lake Powell at selected times.
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'lhe ground-water cystem near Lake Powell is not in a:juilibrium because of the
rapid and large increase in l¥draulic head at the lake. When Equilibrium is
re-established, the rarersal of the ground-water gradient near the lake will
be eliminated and a oontinoous gradient to the lake will exist. 'lhis gradient
will be much flatter than the original gradient to the Colorado River, and
water larels in the wells mentioned abol7e (up to 11 miles from the lake) will
continue to re atove pre-lake larels.

With the filling of Lake Powell, the attendant rising ground-water larel
has caused formerly tmsaturated Navajo sandstone to recome saturated to the
base of the overlying less permeable carmel Formation. This has created
confined condi tions where unconfined oondi tions formerly existed. Under
confined conditions, ground-water levels respond rapidly to changes in
recharge and discharge. Thus, water levels in nearby wells in the confined
part of the Navajo, for example in well (A-42-8) 36cbc-l, closely follow
dlanges in water larels in Lake Powell (fig. 11). Cbmersely, the water larel
in well (A-41-8)23dac-l, which is completed in an unconfined part of the
Navajo, reflects the gross increase in bank storage, but not the minor
fluctuations in the water larel of Lake Powell (fig. 11).

lWailable data indicate that Lake Powell has also caused local dlanges in
the ground-water quality, chiefly by creating a more effective hydrologic
oonnection between the Navajo sandstone and the carmel Formation. As noted
earlier, the carmel contains easily soluble minerals including gypsum. As
Lake Powell filled, the top of the Navajo and the lower parts of the carmel
near the lake became saturated with water going into bank storage. This
l¥drologic oonnection tetween the formations allowed salts to be dissolved
from the carmel and trans!X>rted to wells that obtain water from the Navajo,
where the pumping of the wells created a cone of depression to an altitude
below the Navajo-carmel oontact. Consequently, there has reen an increase in
dissolved-solids ooncentrations, chiefly sulfate, in water from several of
those wells.

Major ion chemistry of water in wells in the wahweap Bay area, and of
water from Lake Powell and the Colorado River at Lees Ferry, is shown in
figure 13. For each well or set of wells, there is an analysis of a water
sample collected both prior to the beginning of filling of Lake Powell and in
1977 or 1981. '!he analyses from well (A-42-8)35dab-2 indicate a significant
increase in dissolved-solids concentration, a three-fold increase in the
concentration of sulfate, and a decrease in bicarbonate plus carbonate
concentration. '!he well is in the area where the Navajo is confined by the
carmel Formation.

The analyses of samples f rom wells (A-42-8)36ccc-l and (A-42-8)36ccc-2
indicate a 50 percent decrease in ooncentration of dissolved solids and major
ions. 'lhe dlemistIy changed to more closely match that of Lake Powell. '!he
wells are in an area where the ground-water level is below the Navaj 0
sandstone-carmel Formation oontact, and the water has not been affected t¥ the
carmel, but has been affected by Lake Powell water entering the ground-water
system.

'lhe analyses from wells (A-41-8)14bca-l and (A-41-8)14bcb-l indicate that
ooncentrations of dissolved solids and major ions have remained relatively
constant. 'lhe wells are in an area where the ground-water larel is telow the
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EXPLANATION

Stiff dia9ram (modified from Stiff, 1951)
showing amounts of major ions in solution.
Number above diagram 15 dissolved-solids
concentration in milligrams per liter. Sodium
plus potassium estimated where diagram is
partly dashed

Sodium pl~ 533 Chloride
potassium (CI)

(Na+K)
Calcium - - Sulfate

(Ca) (S~

Magnesium - -_ Bicarbonate plus
(Mg) carbonate ( Hco3+C"J!

f--f
10 0 10

MILLIEQUIVALENTS PER LITER

10

10

10

10

1220

1390

830

541

647

o
(A-42-8)36ccc-l 12-5-58

o
(A-42-8)35dab-2 4-22-81

o
(A-42-8)35dab-2 12-4-58

o
Wahweap Bay beach 10-18-77

10

10

10

Lees Ferry: 16 miles
downstream from
Glen Canyon Dam

o 1 2 MILESI I I

o 1 f KILOMETERS

37°00/, Q J.I./I~ 1_:3.~_r:.~')J i 37°00'

10

10

10

o 10

571

533

,,
789

o
(A-41-8)14bca-l 4-2-81

o
(A-41-8)14bcb-l 3-10-58

Colorado River at Lees Ferry

Mean ion concentrations from
121977 water samples

o
Colorado River at Lees Ferry

10-6-77

10

10

10

oil-
\0 10

10 o
(A-42-8)36ccc-2 10-18-77

10

Figure 13.-Major ion chemistry of water in wells in the Wahweap Bay area, in Lake Powell,
and in the Colorado River at Lees Ferry at selected times.



Navajo Sandstone-carmel Formation contact, and are about 1 mile f rom Lake
Powell. '!he water levels in the wells are lower than the level of Lake Powell
and in the area affected by the reverse gradient. The water in the wells
probably is affected by Lake Powell water; however, the major ion chemistry of
the ground water prior to Lake Powell and that of Lake Powell water is
similar and, therefore, the change in chemistry is small.

The analyses of samples from wells (A-41-8)23dac-l and (A-41-8)23dCC}-1
indicate that concentrations of dissolved solids and all major ions except
chloride ha\Te decreased markedly. '!he two wells are located less than 1 mile
from the present (1982) shoreline of the reservoir, and are along a line
nearly p:lrallel with Glen canyon r:am. At the well sites, the Na\Tajo sandstone
is tmronfined and at the surface.

'!he roncentrations of major ions ha\Te decreased to levels less than those
in water of Lake Powell or in the Colorado River at Lees Ferry (table 14).
Possibly a larger part of the ground-water flow through the area of the two
wells is now mOIling from the eastern p:lrt of the Paria Plateau than prior to
the presence of Lake Powell. Prior to the lake, ground-water movement was
primarily from the nortiMest. Major ion oonamtrations in ground water in the
eastern part of the Paria Plateau [for example at well (A-40-5)12ddb-l] are
similar to those in 1981 water samples from wells (A-41- 8) 23dac-l and
(A-41-8) 23dcd-l.

'!hree water-supply wells in the Glen canyon National Recreation Area,
(A-42-8)35dab-2, (A-42-8)35dcd-l, and (A-42-8)36ccc-2, have had roncentrations
of dissolved arsenic in excess of the u.S. EllV'ironmental Protection Agency
(1976) drinking-water standard of 0.05 milligram per liter (table 16, at back
of relX)rt). Arsenic roncentration was not determined in water samples in the
area prior to 1977 so it is not known if ground water contained signif icant
roncentrations of arsenic prior to intmdation of Glen canyon; however, at all
three well sites ground-water levels have risen to a level higher than the
Navajo sandstone-carmel Formation rontact as a result of the filling of Glen
canyon by Lake Powell. Arsenic may te one of the materials being leached from
the carmel Formation.

Olemical analyses of surface water indicate that the arsenic found in the
previously mentioned wells OOes not come from Lake Powell water entering the
grotmd-water system. In the Octoter 18, 1977 analysis of WalMeap Bay water,
no arsenic analysis was made; however, dissolved arsenic analysis has been
included intermittently in the Lees Ferry water analyses beginning in May
1974. '!he largest value recorded is 0.019 milligram per liter on May 28,
1974, and the next largest valle is 0.006 milligram per liter on Novemter 1,
1978. '!hese values are much less than those found in ground water from the
three wells.

Effects of Large-Scale Withdrawal

'!he withdrawal of large quantities of water from the Navajo sandstone in
the Kaiparowits Plateau area could cause one or more effects on the ground
water system. Among the lX)ssible effects are declines of water levels in
existing wells, reduction of streamflows, and deterioration of water quality.
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In order to determine both the degree of effects and the areal extent of
infl uence of large-scale wi thdrawals from the Navaj 0, the effects of two
hypothetical withdrawal plans have been investigated. The first plan
considers withdrawal of 40,000 acre-feet per year from a well or group of
wells (roughly the amount rS1uired 1:¥ a large thermoelectric powerplant) fran
an ~uifer having a transmissivity of 5,000 feet squared per day and a storage
coefficient of 0.0045. The second plan considers withdrawal of 20,000 acre
feet per year from a well or group of wells from an aquifer having a
transmissiv ity of 10,000 feet squared per day and a storage coefficient of
0.0045. '!he relationship retween drawdown and distance from the pumping well
for various time periods is shown in figure 14.

'!he curves in figure 14 are based on the assumptions that the aquifer is
hanogenous, isotropic, infinite in areal extent, and uniform in permeability
and thickness, and that the discharge is from a single well. The Navajo
Sandstone does not satisfy the above assumptions, and discharge in the amounts
specified would result from withdrawal from a well field rather than a single
well. Nevertheless, the theoretical drawdown projections give an orde~of

magnitude estimate of effects of withdrawal.

'!he calculation based on withdrawal of 40,000 acre-feet per year from the
Navajo sandstone where the transmissivity is 5,000 feet equared per day and
the storage coefficient is 0.0045 indicates that the drawdown at 18.9 miles
from the pumping area would be about 80 feet after 25 years and al:x:>ut 124 feet
after 50 years. The drawdown 100 feet from the pumping area would be in
excess of 1,164 feet after 50 years. Under conditions of withdrawal of 20,000
acre-feet per year from the Navajo Sandstone where the transmissivity is
10,000 feet squared per day and the storage coefficient is 0.0045, the
drawdown 18.9 miles distant fran the pumping area would re about 31 feet after
25 years and about 43 feet after 50 years. The drawdown 100 feet from the
pumping area would be al:x:>ut 304 feet after 50 years. Because of the small
values (about 8,300 to 16,900 acre-feet per year) of natural recharge to and
discharge from the Navajo Sandstone in the Kaiparowits Plateau area,
withdrawals of these magnitudes would cause water to be removed fran storage
rather than diverted from natural discharge.

'!he effects of large-scale withdrawal on stream discharge and water
quality are site specific and cannot be generalized to the entire study area.
Generally, where drawdown in the Navajo would intersect a perennial stream,
streamflow would be reduced. Where drawdown would cause leakage from
overlying formations, degradation of water quality in the Navajo would be
IX>ssible.

SJMMARY, CDNa.USIONS, AND RECDMMENDl\TIONS FOR FUR'lHER SWDY

'!he Kaiparowits Plateau area is located in central Garfield and eastern
Kane Cbooties of Utah, and north-central Cbconino Cbooty of Arizona. '!he area
covers about 4,850 square miles, and includes the Escalante River and Paria
River drainages and smaller drainages to the Colorado River between the
Escalante River and Paria River drainages. In terms of potential for
developnent, the Navajo sandstone of Triassic(?) and Jurassic age is the most
important cxmsolidated rock ~uifer in the Kaipuowits Plateau area, followed
in importance by the Entrada Sandstone of Jurassic age and the Wingate
sandstone of Triassic age. Principal areas of withdrawal of water from the

51



---- Calculated Drawdown Based
on Ground-Water Withdrawals
of 40,000 Acre-Feet Per Year
with
T = 5,000 Feet Squared Per Day
S = 0.0045

- - - Calculated Drawdown Based
on Ground-Water Withdrawals
of 20,000 Acre-Feet Per Year
with
T = 10,000 Feet Squared Per Day
S = 0.0045

o....------------....------------r----------:-....----------_---,
----::::::-

~ ~ ~~~~~-- ---- -- ::::- :::.~ -:::::- ---- -- -- -- -- --- --:::- -;:::... --
§ .-- -- ::: -- -- --::. - -:::------ :-- -;::... -::::- --

10 ~Vr -- -- -- -- -- - - --
----~ ~ ---- --~~--~---- -- -- -- ::::::: :::: ::::: ;:::; -- ---- __ -- 1 ...,!!t -- __ ::::: -- -- :::::: --

-- __ .:---"....ti__ -- -- __ -- --
__ -- ...3- ~ -- :::: --- -- ~I-- --:::::::::::1--

~~f :::: :::: - -:5 Years 50 Years

10 Years
400

200

600

1000

1200

t
UJ
UJ
Ll..

Z

Z SOO
~

8
~«
a:
o

16001'="0-----------:1~0:-:-O--------~1:-:0:"::O-:-O-------1-0-,0--O...lO-(-1.-S-9)------1-0-0-,OO-J0 (lS.9)

DISTANCE FROM PUMPING WELL, IN FEET (MILES)
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Navajo Sandstone are near the town of Boulder and in the Paria Plateau area.
water from the Entrada sandstone is withdrawn for irrigation or domestic use
near the towns of Escalante, QmnoIllTille, and Glen caIl.Y0n City. '!he Wingate
sandstone presently is not developed in the study area.

Annual recharge to and discharge from the Navajo Sandstone in the
Kaiparowits Plateau area is estimated to be between 8,300 and 16,900 acre
feet. '!he total amount of water theoretically rea::werable from storage in the
Navajo sandstone is estimated to be about 190 million acre-feet.

Chemical qlBlity of water in the Navajo Sandstone ranges from fresh in
areas where water-table oonditions exist to slightly saline in areas where the
aquifer is confined. In water-table areas, the predominant water type is
calcium magnesium bicarbonate; in confined areas, it generally is sodium
sulfate.

Intmdation of Glen caIl.Y0n and tributary caIl.Y0ns l:¥ Lake Powell has caused
a large increase in the altitude of the potentiometric surface near the lake.
'!he ground-water system presently is out of equilibrium, and near the
lakeshore ground-water mOl7ement is awO!:l from the lake. When equilibrium is
re-established, the gradient will be to Glen canyon as it was prior to Lake
Powell, but the potentiometric surface will be higher and the gradient will be
flatter.

Inundation has caused changes in ground-water chemistry near Lake Powell,
primarily where the potentiometric surface has risen above the Navajo
Sandstone-carmel Formation contact. Maj or- ion chemistry has been altered,
with the most significant dlange being an increase in sulfate ooncentration
and a decrease in bicarbonate plus carbonate concentration. Arsenic in
concentrations greater than u.s. Environmental Protection Agency drinking
water standards has been detected in three water-supply wells in the Glen
caIl.Y0n National Recreation Area.

Because of the small estimated amount of water recharging to and
discharging from the Navajo Sandstone, large withdrawals from the aquifer
would come from water in storage rather than from diverted discharge. A large
wi thdrawal would be accompanied by a large drawdown in the vicini ty of the
punping well or well field.

Further study is needed in several areas in order to more accurately
define the Navajo sandstone ground-water system in the Kaiparowits Plateau
area. 'nle most obTious deficienC¥ is the lack of information about the area
beneath the Kaiparowits Plateau itself. Because of the great depth to the
Navajo sandstone, no water wells are completed in the Navajo under the plateau
and information obtained during oil-test drilling is limited. Several of the
existing oil-test holes need to be re-entered in order to obtain water levels
in and water samples from the Navajo Sandstone. '!he data would aid in more
accurately determining both the amount of water in storage and the qlBlity of
water in the Navajo. Such data are necessary before possible uses of the
resource can be accurately determined
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Table 11.--Drillers' logs of selected wells
[See "Numbering system for hydrogeologic-data sites", p. 5, and figure 2.1

Alt.: Altitude of land surface at well.
Thickness: Thickness of unit in feet.
Depth: Depth to base of unit in feet below land surface.

Material Tbickness

(G-37-3)2I1dda-1. Log by
Leman Exploration Co.
Alt. 5.900.

Sand and fill, loose 16
Siltstone, very fine.......... 3211
Sand, medium white, coarse-

grained .....•................ 260

(e-37-3)2Jadd~1. Log by
Leman Exploration Co.
Well completed to depth
of 403 ft. Alt. 5.910.

Fill and wash 8
Sil tstone, very fine.......... 352
Sandstone, coarse-grained 50
Sand, medium to fine-grained 110

(e-1I1-3)lIbca-1. Log by
Binning Drilling Co.
Alt. 5,780.

Silt and sand................. 24
Navajo Sandstone
Sandstone, tan •.•..........•• 11
Sandstone, orange............ 10
Sandstone, tan 5
Sandstone, rust.............. 20
Sandstone, tan, hard ...•.•... 20
Sandstone, orange •.•.•....... 25
Sandstone, tan, hard 20
Sands tone, orange 17
Sandstone, orangej seep of

water .•••......•••..........
Sandstone, orangej 1 gallon

per minute of wa ter .•....... 15
Sandstone, tan, hard......... 15
Sandstone, pink; 3 gallons

per minute of water......... 15
Sandstone, pinkj 7 gallons

per minute of water........ • 20
Sandstone, tan, hard 5
Sandstone, pink .••••••••...•. 5
Sandstone, orangej 10 gallons

per minute of water 10
Sandstone, orange j 13 gallons

per minute of water......... 10

(e-1I1-1I)23adb-1. Log by
Clair Stephenson Drilling
Co. Alt. 6,070.

Sand and fill................. 10
Navajo Sandstone
Sands tone .•......••••........ 490

(e-43-1l3bao-1. Log by
Clair Stephenson Drilling
Co. Alt. 4,420.

Soil, top..................... 10
Carmel Formation
Shale, light red ....••••....• 30
Shale, red................... 10
Shale and sandstone layers,

gray •••.•..••••.•...••••..•. 30
Shale and sandstone layers,

red ••.....••.....••••....•.• 20
Shale, red ••••..••••••......• 80
Shale and sandstone layers,
red; little water........... 95

Navajo Sandstone
sandstone, white; water...... 27

(e-.II3-1 ).ba~1. Log by
Ballard Well Drilling Co.
Alt. 4,410.

Sand .•.•...•••.......•••...... 10
Sand and gravel .••••.•..••.•.. 10
Carmel Forma tion

Shale, brown .•..••••......•. 40
Shale, red ....••••••••.•.... 5
Sands tone •.....••......••••. 10
Shale, sandy ...••.....•..... 125

Navajo Sandstone
Sandstone, white .•••.•••••.. 205
Shale, red.................. 10

(D-33-_)35cbo-l. Log by
The Well Supply Co.
Alt. 6,410.

Soil .•••.......•.........•...
Cone;lomerate, loosely

consolida ted •••••.•.•...•... 52
Navajo Sandstone
Sandstone, whi te ••••••.•.... 68
sandstone, yellowishj water 210

Depth

16
340

600

8
360
410
520

24

35
45
50
70
90

115
135
152

155

170
185

200

220
225
230

240

250

10

500

10

40
50

80

100
180

275

302

10
20

60
65
75

200

405
415

55

123
333

Material Thickness

(o..33-Jal36abb-t. Log by
The Well Supply Co.
Alt. 6,525.

Clay, cobbles, boulders....... 36
Navajo Sands tone
Sandstone.................... 289

(D-33--)]6 bal>-1. Log by
The Well Supply Co.
Alt. 6,570.

Clay, sand, gravel, cobbles 1fi
Clay, cobbles, boulders....... 104
Navajo Sandstone
Sands tone ........••.......... 250

(D-33--')]6cba-t. Log by
The Well Supply Co.
Alt. 6,730.

Cobbles, hardpan.............. 20
Navajo Sandstone
Sandstone.................... 515

(o..33-S)]1ado--1. Log by
The Well Supply Co.
Alt. 6,360.

Sand.......................... 35
Boulders...................... 13
Navajo Sandstone
Sandstone .....•.............. 352

(D-311-1I)1oad-1. Log by
The Well Supply Co.
Alt. 6,320.

Alluvium
Clay, gravel, cobbles,
boulders, hardpan ..•...•••.. 175

Navajo Sandstone
Sandstone .........••....••••• 33
Shale, red .••••...•.••.....•• 2

(D-35-3)8ab.... l. Log by
Councilman Well Dril Ung
Co. Alt. 5,810.

Sand, loose .....••..•.•..••••• 6
Sand, soft.................... 10
Sand.......................... 10
Sandstone..................... 10
Sl1 t, mUd, soft .......•••....• 10
Entrada Sandstone
Sandstone, white............. 30
Sandstone, whitej water...... 10
Sandstone, white............. 26

(D-35-3)8abl>-1. Log by
The Well Supply Co.
Alt. 5.830.

Entrada Sandstone
Sandstone, yellow-gray....... B2
Sandstone, gray- blue •••.•••.• 113
Sandstone, grading into
bentonite................... 10

(D-35-3 )29bb,H. Log by
The Well Supply Co.
Alt. 5,840.

Entrada Sandstone
Sandstone, red ...•.•....•••.• 118
Sandstone, white............. 4
Sandstone, red ........•••••.. 88
Sandstone, white ........•.•.• 20
Sandstone; damp.............. 68
Sandstone, red •.......•..•..• 63

(o..IIO-S)7bd().1. Log by
The Well Supply Co.
Alt. 4,1180.

Allvuium •••.......•....•.••... 112
Entrada Sandstone ......•••...• 42
Carmel Formation.............. 19)
Navajo Sandstone ...•••.....••. 1112

(D-4]-1l2bd.... l. Log by
Ray parnell Drilling Co.
Alt. 4,510.

Surface sand ..••......•••.•... 15
Carmel Forma tion
Sandstone, red .....••.......• 20
No record.................... 10
Shale, sandy, red............ 23
Sandstone, red .•.......•••... 27
Sandstone, brown ..•.......... 9
Sandstone, red .........•..... 26
Shale, sandy, red............ 5
Sandstone, brown 5

57

Depth

36

325

J6
150

400

20

535

35
48

400

175

208
210

6
16
26
36
IlI5

76
If;

112

B2
195

205

48
52

140
160
228
291

42
84

280
422

15

35
45
68
95

104
130
135
140

Material

(0..113-1 )2bda-1.--Continued
Carmel Formation--Continued
Sandstone, gray ....•..•......
Shale, red ..........•........

Navajo (1) Sandstone
Sands tone, red .•.....••••••••
Sands tone, gray .........•••••
Sandstone, red .••.......•••••
Sands tone, whi te .•.......•...
Sandstone, pink ...........•..
Sandstone, white ....••.•.....
Sandstone, red ••........•••••
Sandstone, white ....•..•••..•
Sandstone, pink •••.•...•...•.
Sandstone, red ••..••...••••.•
Sandstone, white .....•.•.••••
Sandstone, pink .•.••.••.•....
Sandstone, gray .
Sandstone, white ..•••........
Sandstone, red .•......•..•...

(o.."J-02bdd-1. Log by
Ray Parnell Drilling Co.
Alt. 11,520.

Sand ........••.............•..
Carmel Formation

Shale, sandy, red •..........•
Sandstone, brown .........•.••
Shale, sandy, red ..•..•......

Navajo (1) Sandstone
Sandstone, brown •.••...••.•..
Sandstone, light red .••.••••.
Sandstone, white .•..•...•...•
Sandstone, light red .••..•.••
Sandstone, white ••••....•••••
Sandstone, light red •••••.•..
Sandstone, white ..••••....•••
Sandstone, light red .••.••.••
Sandstone, white ..•...••..•••
Sandstone, red •..••.••....•••
Sandstone, white ••••.•...••••
Sandstone, red •.........•••••
Sandstone, white ......•......
Sandstone, light red •..•••...
Sandstone, pink ...••••.......
Sandstone, white ••.......•.•.
Sandstone, pink ••••...•••••••

(~"J-t)2cab-1. Log by
San Diego Pump and Well
Drillers, Inc. Alt. 4,530.

Sand, loose, red .•.....••••••.
Caliche ..••••.•••••••....•••••
Carmel Forma tion
Sand and clay, loose, red ••••
Sandstone, gray ••••...•••••..
Sandstone, red, firm
Clay, red, very soft
Sandstone, red, soft .•..•••••

Navajo (1) Sandstone
Sandstone, white ••.••••...•.•
Sandstone, red •••....•••••...
Sandstone, white ...••.••.....
Sandstone, red, hard ••••.....
Sandstone, dark red •.•••••••.
Sands tone, ligh t pink,

very soft .•....••......••••.
Sandstone, red •......•.••....
Sandstone, white •.•....•.••..
Sandstone, red .•.........••..
Sandstone, white ••.......•...
Sandstone, light red,

very hard .•..•..•.•........•
Sandstone, dark red, firm ....
Sandstone, red, Boft ••••••.••
Sand, loose, red, and

clay, white, sticky .....••••
Sandstone, White, firm;
water ...••.....••••...••.•.•

Sandstone, White, in layers
of hard and soft material •••

Sandstone, light red, fine
texture .•••..••••.•.•....•••

Sands tone, white, clean .
Sandstone, red, broken;
water increases .....••••••..

Sandstone, red, hard .......•.
Sandstone, white, very soft •.
Sandstone, white, hard, very

consolidated ...••...........

Thickness Depth

15 155
5 160

15 175
180 355
25 380

5 385
10 395
20 415
80 495
20 515
40 555
40 595
25 620
30 650
70 720
40 760
18 778

10 10

52 62
63 125
15 140

20 160
40 200
50 250
20 270
25 295
35 330
15 3q5
10 355
12 367

8 375
5 380

95 475
100 575
25 600
45 645

120 765
17 782

19 19
13 32

11 43
14 57
65 122
12 1Jq
14 148

28 176
22 198
39 237
J6 283
19 302

12 314
12 326

8 334
14 348
21 369

5 374
22 396
16 412

421

71 492

18 510

12 522
7 529

28 557
35 592
14 606

14 620



Table 11.--Drillers' logs of selected wells--Continued

Material Tbickness Depth Material Thickness Depth Haterial th1ok.8S Depth

(D-1I3-2)13cdd-1. Log by
San Diego Pump and Well
Drillers, Inc. Well completed
to depth of 5911 ft.
Alt. 11,000.

Sand, blow.................... 10
Sand, blow, small gravel,
clay......................... 6

Sand and gravel, cemented ..... 22
Entrada Sandstone
Sandstone, white ..•••........ 12li
Sandstone, green and blue.... 1li
Sandstone, light green and
white....................... Ji9

Sandstone, white, soft ..•..•• 27
Sand5tone, white, firm....... 129
Sandstone, white,
fractured, layers of light
brown sandj water........... 31

Sandstone, white, broken, and
clay .........••...••...•.•.. 66

Sandstone, white, firm....... 85
Sandstone, brown, hard ......• 15
Sandstone, pebbles, water

washed j wa tel' level rose
from 412 to 322 feet ...•.... 5

Sandstone, white, firm 11
Carmel Formation

Clay and bentonite, very
soft, hole will not stay
open........................ 11

(D-.II3-2)13dcd-1. Log by
Hand M Exploration Co.
Well completed to depth
of 5~ ft. Alt. 3,950.

Alluvium ..•.•....•....•.......
Chert pebbles in sandstone
matrix ...••...•.••.••••......

Sand, gray, fine-grained ••....
Conglomera te •...•..••••.•.•.•.
Sand, white ..•.•••••••••••....
Con&J.omerate with bright red
chert pebbles ...............•

Entrada Sandstone
Sand.stone, white, very fine-
grained ........•..•.....•.•• 13

Sand.stone, yellow, very fine-
grained •....................

Sandstone, white, very fine-
grained ..............•...... 19

Sandstone, green .........•..• 2
Sandstone, whi te .•••.•....... 16
Sandstone, greenj damp ....••• 11
Sandstone, whit~gray ...••••• 99
Sandstone, gray-brown........ 159
Bentonite.................... 3
Sandstone, white-gray •......• 10
Sandstone, gray-white;
water at 352-35Ji, 590-661
feet; oil at Ji70-li80 feetj
hole caved back to 59) feet 309

(D-43-2114bab-1. Log by
Harry H. Horris. Well
completed to depth of 537 ft.
Alt. 4,128.80.

Sand, blow, red 30
Entrada Sandstone
Sandstone, white ........••••• li3
Sand"tone, light red 25
Sandstone, light brown 9
Sandstone, light blue and

brown ..•....•.••••.••......• 102
Sandstone, white, clean ....•• 4
Sandstone, white............. 7
Sandstone, brown ••.••.•....•• 23
Sandstone, white; water

seepage ...........•••••••••• 2Ji
Sandzstone, white li5
Clay, red.................... 30
Sandstone, white, very hard .. 18
Clay, red.................... 28
Sandstone and clay, red...... 10
Sandstone, red, Boft .•.•••.•• 39
sandstone, white, soft....... 15
Clay, red, loose and broken.. 15
Sandstone, white; water-

bearing ..•....••••••••....•. 67
Sand and clay, white .•.••...• 2

Carlllel Forma tion
Clay, red, stioky, loos8 and

cav iog j well caved to 537
feet ........•..••••••••..... 61

(Do-_.II-3)2bdo-l. Log by
The Well Supply Co.
Alt. 3,820.

Sand.......................... 12
Entrada Sandstone
(called Wahweap Formation

by driller) ffi

10

16
38

'62
'76

225
252
38'

4'2

478
563
578

583
594

605

6

"'4
15

'7

30

33

52
54
70
8'

180
339
342
352

66'

30

73
98

'07

209
213
220

243

267
312
342
360
388
398
437
452
467

534
536

597

'2

98

(Do-.II4-3 )2bd0-1 .--Continued
Carmel Forma tion
Clay, red-brown.............. 57
Clay, purple-gray............ 34
Clay, purple-gray. sandy..... 21
Clay, red, hard.............. 35
Clay, sandy pebbles, red-

brown 110
Shale, red ....•••.....•...... 6
Sandstone, red-brawn-yellow.. 60
Sandstone, red-orange ......•• 3 li
Mudstone, brown 5
Shale, hard.................. 58

Navajo Sandstone
Sandstone .•.•.......••....•.• 142
Sandstone, very hard ....•.••. 22
Sandstone .•.......•...••••.•• liO

(&-39-_)6obb-'. Log by
Mersfelder Drilling Co.
Alt. 6,610.

Navajo Sandstone
Sandstone, pink 520

Kayenta Forma tion
Sandstone, limestone. shale 70

Moenave Forma tion
Sandstone and shale, pinkj

water at about 650 feet 110

(""'-0-5 )5000-1. Log by
Mersfelder Drilling Co.
Alt. 6,160.

Navajo Sandstone
Sandstone ...•..•.....•....... 950

Kayenta Formation
Sandstone, limestone, shale •• 70

Moenave Formation
Sandstone, shale ...••••••••.. 320

(&-40-5)12ddb-l. Log by
Hersfelder Drilling Co.
Alt. 6,210.

Navajo Sandstone
Sandstone, coarse, light

colored •...•.....•.......... 1,420
Kayenta Formation
Silt and clay, fine, red..... 12

Moenave (1) Formation
Sandstone, fine, buff to
light red •....•....••.•..... 36

(A-Jto~)3ooo-1. Log by
Mersfelder Drilling Co. Well
completed to depth of 1,802 ft.
Alt. 6,150.

NavajO Sandstone
Sandstone ...••••••.•....•••.• 1,300

Kayenta Formation
Sandstone, limestone, shale.. 60

Moenave (1) Forma tion
Sandstone, shale, sil tatone j

well completed to or caved
back to ',802 feet.......... li50

(&-4,-8)lIdd..,. Log by
Perry Brothers Drilling Co.
Alt. li,160.

Sand, loose ••••.•••.......•.••
Entrada Sandstone
Sandstone, white •............ 77
Sandstone, light red......... 10
Sandstone, white ..•....•..•.. 145
Sandstone, light red .•.•..... 40

Carmel Forma tion
Sandstone, red 335
Sandetone. l.1ght red; hole
will not hold water 2liO

Sandstone, light red, loosej
hole caving, first water
encountered................. 10

NavajO Sandstone
Sandstone, 11gh t red, very
clean....................... 30

Sandstone, light red ••••••.•. 35

(&-4,-8),4_1. Log by
Wininger Drilling Co.
Alt. 11,112.

LoooSe sand ...••••..•••••••••.• 8
Caliche ••••••••......•.••••.•. 22
Carmel Formation
Sandstone, alternating layers
of brown and hard 11gh t gray,
each layer 5 feet thick or
less........................ 335

NavajO Sandstone
Sandstone, light brown ....•.. 450
Sandstone, brown, broken;
water at 885 feet and rose
to 870 feet •................ 215

Sandstone, brown............. 170

58

(&-1I1-8)1.IIbcb-1. Log by
Wininger Drilling Co.

155 Alt. 4,120.
189 Sandstone, reddish-brown;
210 water first noticed at 885
245 feet and stood at 880

while drilling was being
285 completed.................... 885
291 Sandstone, reddish- brown,
351 cleaner and coarser than
385 from 0 to 885 feet 70
390 Sandstone, reddi3h- brown 40
4118 Sandstone, reddUh-brown,

fine with silt .••••.....•.•..
590 Sands tone, reddish- brown,
612 broken, with layer.:s of coarser
652 sandstone 1115

Sandstone, reddish-brown,
with silt or mudstone........ 355

(A-'-1-8)23dao-1. Log by
Wininger Drilling Co.

520 Alt. 3,9'7.
Sand, blow .......•.......•.... 18

590 Navajo Sandstone
Sandstone, light brown, with

hard rib5 or ledges,
700 occa.:sional pockets of soft

sand or siltj water at 735
feet........................ 761

Sandstone, cleanerj increase
in water.................... 125

950 U-41-8)23dod-1. Log by
Wininger Drilling Co.

1,020 Alt. 3,982.
Navajo Sandstone

1,3liO Sandstone, broken ••••••...•..
Sandstone, brown, very

uniform •.••.••••.••.•.•••••• 554
Sandstone, gray, dense .••••.• 240
Sandstone, gray, softer;
water •••••••..•......•..•••• 80

Sandstone, red ••..•..•....••. 35
1,420 Sandstone, hard, dense....... 10

Sandstone, red............... 65
1,4.32 Sandstone, gray •.••..••••••.. 20

Sandstone, broken............ 15
Sandstone, hard •..•.........• 5

1,!l6 8 Sandstone, brown, more s11 t
or mud •••..••.......•....••• 70

Sandstone, brownj drilling
muddy....................... 65

Sandetone, brown, and silt 120

',300 (&-42-8)320<1<1-1. Log by
Larry Dalton. Alt. li,100.

1,360 Hardpan....................... 11
Sand, white, loose ••...••.•••• 1li
Entrada Sandstone
Sandstone, white, with

1, 810 benton! te layers •••..•...... 167
Sandstone, gray, medium hard 5

Carmel Formation
Shale, red, medium hard 129
Shale, red, soft and sandy ... 56
Shale, red and white, very

hard •••.....•••.••.••••••... 3
80 Shale, red •••.•........•..... 7
90 Sandstone, red, soft ...•••••• 55

235 sandstone, red, hard .....••.. 70
275 Shale, red, sandy, very

hard........................ 71
610 Sandstone, red, with shale

layere •..•..•••••......••... 3
850 Shale, light red, 80ft....... 69

Navajo Sandstone
Sandstone, red; water at 653

tt)0 feet, rose to static level
of 60li feet... 137

Shale, red, hard ••••..•...... 18
89) Sandstone, red, soft ••••.••.. 78
~5 sandstone, hard ...••.••••.... 22

Sandstone, hard to medium
hard, layers ••......•••••••• 22

Sandstone, very hard .•••••••. 5

8 (&-42-8l35dab-l. Log by
30 Wininger Drilling Co.

Alt. 3,736.
Caliche....................... 15
Conglomerate: sand, gravel,
boulders ....••••.........•... 30

365 Sandstone, hard, gray......... 375
Sandstone, softer: water...... 20

815 Sandstonej water.............. 35
Sandstone, with clay, harder.. 15
Sandstone, light gray, softj

1,030 water ....•. '10
1,200

885

955
995

',000

1,'45

1,500

'8

785

910

560
800

880
9'5
925
990

1,010
1,025
1,030

1,'00

1,165
1,285

4
18

'85
190

3' 9
375

378
385
440
510

581

5.'
653

790
808
81f;
908

910
935

'5

45
420
440
'75
490

600



Table 11 .--Drillers' logs of selected wells--Continued

Material Tblclmea.

(&-~-6)35dab-l.--CoDt1Duod

Sandstone; water 25
Sandstone, clayey and 511 ty .•. 50
Note: Resistivity log of
well indicates that the top
of the Navajo Sandstone 1s at
280 feet, and that the total
depth of the well is 603 feet.

(&-~-6)35dab-2. Log by
Wininger Drilling Co. Well
completed to depth of 620 ft.
Alt. 3,735.

Caliche....................... 12
Conglomerate: sand, gravel,

boulders .................•..• 30
Sandstone, red, hard 53
Sandstone, red, softer........ 165
Navajo Sandstone

Sandstone, gray .•......•....• 140
Sandstone; water............. 40
Sandstone, red ..............• 30
Sandstone; water............. 5
Sandstone, light gray........ 160
Sandstone, red ....•.......... 5

Note: Well either completed
to or caved to depth of 620
feet.

Depth

625
675

'2
42
95

260

400
440
470
475
635
640

Material Tbiclmesa

(&-~-6)35d.cl-1• Log by
Wininger Drilling Co.
Alt. 3,742.

Sand ............••.•••.•.•.... 4
Caliche....................... ,8
Conglomerate: sand, clay,
gravel, and boulders 33

Sandstone, reddish-brown...... 275
Clay, sort, sil ty; we ter seep . 15
Sandstone, with clay layers,
or sandy clay .......•.••..... 130

Sandstone; water.............. 9J
Clay, sandy................... 60

59

Depth Meterlal

(&-112-6)36000-2. Log by
Perry Brothers Drilling Co.
Alt. 3.760.

4 Carmel Forma tion
22 Shale, red, sandy .....•......

Sandstone, red ..•.••.........
55 Shale, red .....••••..........

330 Sandstone, red ..••.•.........
345 Shale, red, sandy .

Navajo Sandstone
475 Sandstone, red ..•••........•.
565 Sandstone, light red .......•.
625 Sandstone, red ....•••.•••....

Sandstone, light red ...••••..
Sandstone, brown •...•••.•.•••
Sandstone, light red ...•...•.
Sanda tone, light brown .....•.
Sandstone, light red ..•••••••
Sanda tone, brown .••....••••••
Sandstone, light red .•..•....

Thickneae Depth

20 20
40 60
5 65

135 200
7 207

13 220
130 350
20 370
40 4'0
10 420
30 450
50 500
80 580
50 630
73 703



Table 12.--Records of
[Abbreviations used in headings are as follows: FT, feet; IN, inchesj GAL/MIN, gallons per minute; (GAL/MIN)FT, gallons

Number: See "Numbering system for hydrogeologic-data sites", p. 5, and figure 2
Owner: U.S. BLIl, U.S. Bureau of Land Management.
Finish: P, perforated; X, open hole without casing.
Principal aquifer: 220GLNC, Glen Canyon Group: 220NVJO, Navajo Sandstone; 221ENRD, Entrada Sandstone.
Water level: 0, dry holej L, geophysical log; R, reported; S, measured with steel tape; Tt measured with electric tape.
Discharge: Bt measured with bailer; C, measured With current meter; R, reported.
Types of logs available: C, caliper; 0, driller'S; E, electric; J, gamma ray; N, neutron; T, temperature; U, gamma-gamma.
Other data available: QW (water quality): B, common ions; P, physical, common 10ns, and trace elements; WL (water level):

793

14 1030

10.75 11

NUMBER

(C-37- 3)2 4DDA-
24DDD

(0.-41- 3) 4BCA
(C-41- 4)23ADB
(e-43- 1) 3BAC-

4BAD-
(D-33- 4 )35BBD

35CBB
35CBC
36ABB-

36 BAB
36CBA

(D-33- 5)31ADC
(D-34- 4) lCAD
(D-35- 3) 8ABA-

8ABB-
29BBD

(D-35- 4)20CCA
(D- 40- 8) 7BDC
(D-43- 1) 2BDA-

2BDD
2 CAB-

(D-43- 2)13CDD-

13DCD
14BAB-

(D-43- 3 )32DCA- 2
(D-44- 3) 2BDe- 1
(D-44- 4) BBBe- 1

8BBD- 1

(A-39- 4) 6CBB

(A-40- 4) 5DAC- 1
5DAC- 2

19BAB- 1
27BBC- 1

(A-40- 5) 5CCe-
12DDB
33CBC

(A-40- 6) 3CCC
(A-41- 4)14CBB-

16CBB
28ADA

(A-41- 8) 4DDA-

14BCA-

14BCB-

23DAe
23DCD

(A-42- 8)32CDD
35DAB- 1
35DAB- 2

35DAD- 1
35DCD- 1
36CBe- 1
36 CCC- 1
36cce- 2

OWNER

TIIOHPSON, GEORGE W.
STOCK, BERT & IRMA
U.S. BLM

DO.
DO.

GREENE & WEEDE INVESTMENT
NELSON, MARK
PECK, WILLIAM H.

DO.
CROSBY, SAM & VIVIAN

DO.
PRESTON, ROBERT L.
CLARKSON, DALE E.
JEPSON, ALFRED
BRUBAKER, RONALD W.

FORD, HARCLD H.
SCHOW, JOSEPH B.
SCHULTZ, BUTCH
U.S. BLM
CON31MERS AGENCY, INC.

DO.
DO.

TAYLOR, DEE R.

DO.
CONSUMERS AGENCY, INC.

TAYLOR, LES
U.S. NATIONAL PARK SERVICE
U.S. BUREAU OF RECLAMATION

DO.

VERMILION CLIFFS CC

SANDERS
DO.

SANDERS, A. P.
VERMILION CLIFFS CC

DO.
F'INDLAY, A.D.

DO.
VERMILION CLIFFS CC

SANDERS, A.
CANYON TUlRS

ARIZONA DEPT. OF
TRANSPORTATION

U.S. NATIONAL PARK SERVICE

U. S. BUREAU OF RECLAMATION
DO.

GREEN, BILL
U.S. BUREAU OF RECLAMATION
U.S. NATIONAL PARK SERVICE

U. S. BUREAU OF RECLAMATION
U. S. NATIONAL PARK SERVICE
U.S. BUREAU OF RECLAMATION
CANYON TUlRS
U.S. NATIONAL PARK SERVICE

DATE
COHPLETED

1972
02/25/72
06 /18/6 8
09/07/78
12/13/74

08/04/71
01/31/75
07/18/71
10/27/70
05/15/75

07/28/77
03/04/74
02/29/80
03/28/77
09/24/77

03/29/74
12/22/76
01/01/80
10/05/80
09/27/57

09/16/57
08/31/59

12125/59

07/18/66

11119/80

lG;O

081 161

1950
1950

04/17160
07/ /52

061 160
07/10162

12/11/59
1954

1954

10/2016 1

021 158

101 157

011 158
07/ 157
10/15/72
07/ /58
031 158

011 158
021 /74
01/ 159
101 /57
02/ 161

ALTInJDE
OF LAND
SURFACE

(FT)

59>0
5910
5780
6070
4420

4410
6480
6380
6410
6525

6570
6730
6360
6320
5810

5830
5840
5950
4480
4510

4520
4530

4000

3G;0
4128.80

3984.34
3820
3722.87
3760

6610

6000
6000
6050
6330

6160
6210
6400
6150
5580

5730
5875
4160

4112

4120

3917
3982
4100
3736
3735

3742
39>0
3735
3840
3760

60

DEPTII
OF WELL

(FT)

600
403
250
500
302

415
500
306
333
325

400
535
400
210
112

205
291
800
422
778

782
620

59>

59>
537

780
652
800
208

700

300
700
610
920

1340
1168
1175
1802
600

700
920
925

1200

1500

910
1285

935
603
620

625
800
398
625
703

CASING
DIA~

ETER
(IN)

4
4
6
6.63
6

8
16
14
6.63
8

8
8

14
6
6

8
6
8
6

10

10
10

10

11
10

16
8

20

7
18
12
20
16

14

20
8

13.37

DEPTII
CASED

(FT)

570
403
250

20
300

220
6

80
75
36

150
23
52

180
60

27
291
150
422

15

30
42

29

15
33

652

550

1000

1762

910
6

935
76

416

625

77
500
503

DEPTH TO
FIRST
OPENING

(FT)

510
373
150

20
275

220
6

30
75
36

150
23
52

180
60

27
100
150
380

15

30
42

29

15

495

1000

1762

793

880

11

755
6

607
76

416

475
430
77

500
503

FINISH

P
P
P
X
P

X
X
X
X
X

X
X
X
X
X

X
P
X
P
X

X
X

X
X

X

x

X

P
X
P
X
X

X
X
X

PRINCIPAL
AQUIFER

221ENRD
221ENRD
220NVJO
220NVJO
220NVJO

220NVJO
220NVJO
220NVJO
220NVJO
220NVJO

220NVJO
220NVJO
220NVJO
220NVJO
221ENRD

221ENRD
221ENRD
220NVJO
220NVJO
220NVJO

220NVJO
220NVJO

221 ENRD

221ENRD

220NVJO
220NVJO

220GLNC

220NVJO
220NVJO
220GLNC
220NVJO

2200LNC
220NVJO
220NVJO
220NVJO
220NVJO

220NVJO
220GLNC
220NVJO

220NVJO

220NVJO

220NVJO
220NVJO
220NVJO
220NVJO
220NVJO

220NVJO
220NVJO
220NVJO
220NVJO
220NVJO

DEPTH
TO

AQUIFER
(FT)

WELLS

340
360

24
10

275

200
o

68
55
36

150
20
48

175
16

o
o

145
280
280

38

17
30

448

WELLS IN

372
o

o
o
o
o

!li0

365

365

18
o

653
280
260

233

207



selected water wells
per minute per foot of drawdown; IJMHO/CM AT 25 0C, micromhos per centimeter at 25 degrees Celsius; 0C, degrees Celsius.]

I, intermittent; M, monthly; 0, one-time measurement; R, continuous recorder.

DATE DATE
WATER SPECIFIC DATE SPECIFIC QUALITY TYPES OTHER

WATER LEVEL DRAW- CAPACITY DISCHARGE CONDUCTANCE PARAMETERS OF LOGS DATA
LEVEL MEASURED DISCHARGE DOWN [(GAL/MIN) MEASURED (UMHO/CM TEMPERA TU RE MEASURED AVAILABLE AVAILABLE
(FT) (GAL/MIN) (FT) FTl AT 250C) (OC) QW WL

IN UTAH

41.91 S 08/12/81 D 0
44.97 S 08/12/81 16.5 08/12/81 D 0

134 R 06/18/68 13 R 85 0.2 06/18/68 415 12.5 06/12/81 D 0
D D

140.72 S 02/25/81 60 R 20 3.0 12/13/74 1520 16.5 02/25/81 D M

110 R 08/04/71 100 B 08/04/71
160.78 S 01/27/81 30 R 01/31/75 415 11.5 04/23/81 M

80 R 07/18/71 40 R 07/18/71 390 13 .0 08/09/79 D 0
143.98 S 03/02/81 20 R 10/27/70 D M
235.77 S 04/03/81 15 R 10 1.5 05/15/75 640 12.5 09/01/81 D

249.85 s 05/13/81 60 R 07/28/77 D M
445.61 S 04/28/81 15 R 03/04/74 D 0
162.90 S 01/27/81 40 R 02/29/00 310 17.0 09/01/81 D P M
140.55 S 01/27/81 20 R 03/28/77 430 12.5 09/01/81 D P M
28.51 S 09/02/81 .50 B 32 <.1 09/24/77 810 13.5 09/03/81 D P 0

57.69 s 09/02/81 .17 R 03/29/74 D 0
44.27 S 09/03/81 .40 B 207 <.1 12/22/76 D 0

669 L 08/30/81 15.5 08/3 0/81 T 0
376 .75 s 03/05/81 15 B 45 .3 10/05/00 D
470 R 09/27/57 20 R 0 09/27/57 D
1161.20 S OS/22/81

485 R 09/16/57 20 R 09/16/57 giO 16.0 09/26/79 D a
490 R 08/31/59 D I
479.50 s OS/22/81
322 R 12/25/59 25 B 12/25/59 D
212.03 S 06/18/81
230 R 07/18/66 600 20.0 06/18/81 D P 0
230.33 S 10/10163 D R

310.21 S 10/10/63 R
107.53 S 04/27/81 150 R 50 3.0 11/19/80 D I
357.07 S 07/15/64 R
66.39 s 11/14/81 II

ARIZONA

520 R 06/20/70 5.0 B 1.0 08/ /61 500 12.0 08/05/76 D
526 .50 T 08/05/76

D
D

515 R 04/17/60 12 B 20 .6 04/17/60 0
iii 0 R 07/ /69 5.0 R 07/ /69 0

1100 R 07/ /69 5.0 R 07/ /69 D 0
1310 R 07/10/62 15 B 07/10/62 250 12.0 08/05/76 D P 0

950 R 06 / 14/5 1 300 08/05/76 p a
1500 R 07/ /69 3.0 R 12/11/59 D 0

D 1954

D 1954
700 R 06/ /72 275 16.0 08/06 /76 B 0
849 R 10/14/61 D P I
492 .20 S 06 /1 8/81
870 R 02/ /58 180 R 02/ /58 D
485.17 S 02/09/81
800 R 10/ /57 100 R 10/ /57 C, D, E, J, N, T, U B

378.1 L 08/28/81 30 R C, D,J, N, T p M
521.8 L 08/27/81 34R 07/ /57 Cr Dr Er J, N, T, U P
604 R 10/15/72 600 R 171 3.5 10/15/72 D P I
395 R 07/ /58 C, D, E, J, N, TI U B M
402 R 03/ /58 D p

423 R 01/ /58 1000 R 01/ /58 D B 0
285 R 02/ /74 P 0

82 .00 s 07/22/76 1200 01/ /59 E, J, N, T,U B M
410 R 10/ /57 100 8 12.5 10/ /57 2050 20.0 12/05/58 B 0
453 R 08/01/61 275 25 11.0 02/ /61 D P 0
73.53 S 08/07/79
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Table 13 .--Water leveLs in selected observation wells

(Water levels are 1n feet below land surface. From water-level records except E, estimated j L, log; H, reportedj

5, steel-tape measurementj T, electric-tape measurement.]

Well number: See "Numbering system for hydrogeologic-data .sites", p. 5, and figure 2.
Altitude (Alt.) of land surface: Surveyed altitudes given in feet and decimal fractions; altitudes interpolated

from U.S. Geological Survey topographic maps given in feet.

WELLS IN UTAH
(C-1I3- 1) 3BAC- 1 ALT. 11,1120

DEC 13, 1974 148. R APR 25, 1981 1111.67 S JUL 29, 1981 153.795 NOV 16, 1981 140.94 5

FEB 25, 1981 140.72 5 MAY 26 143.005 AUG 29 141.73 5 APR 12, 1963 140.42 S

MAR 24 140.94 5 JUN 24 144.04 5 OCT 02 142.Jti S

(D-33- 4l35BBD- 1 ALT. 6.480

JAN 27, 1981 160.785 APR 28, 1981 161.25 S JUL 30, 1981 165.53 5 MAR 10, 1983 160.911 S

MAR 02 160.111 S HAY 13 161.a; 5 SEP 01 166.55 5
APR 03 160.41 S 25 163.05 5 NOV 13 162.80 5

23 160.67 S JUN 23 161.09 S HAR 03, 1982 16"18 S

(D-33- 4J35CBC- 1 ALT. 6,410

AUG 09, 1979 146 .61 5 APR 03. 1981 1113.98 S JUN 23, 1981 145.33 5 OCT 01, 1981 14.4.90 S

JAN 26, 1981 144.30 S 28 144.24 S JUL 30 145.15 5 NOV 13 144.91 5
HAR 02 "3.985 MAY 25 144.695 SEP 01 1114.75 S

(~33- 4)36BAB- 1 ALT. 6.570

NOV 13, 1980 2119.29 S MAY 25, 1981 249.93 JUL 30, 1981 249.77 S OCT 01, 1981 2119.70 S

HAY 13, 1981 2119.85 S JUN 23 2119.81 SEP 01 250 . .48 S

(~33- 5)31ADC- 1 ALT. 6,360

JAN 27, 1981 162.90 5 HAY 25, 1981 164.40 5 SEP 01, 1981 168.02 S MAR la, 1983 169.02 S

HAR 02 163.14 5 JUL 01 164.97 5 OCT 01 166.71 5
APR 03 163.56 5 30 208.93 5 NOV 13 166.59 5

28 164.10 5 AUG 13 177.97 5 HAR 03, 1982 166.76 S

(D-34- 4) lCAD- 1 ALT. 6,320

JAN 27, 1981 140.55 S APR 28, 1981 142.98 5 JUL 30, 1981 143.475 NOV 13, 1981 1111.75 S
MAR 02 141.55 5 MAY 25 143.41 5 SEP 01 143.22 5
APR 03 142.18 5 JUN 23 "3.07 5 OCT 01 142.89 5

(D-.43- 2)14BAB- 1 ALT. 4,128.80

OCt 10, 1163 230.33 SEP as, 1164 228.77 AUG 31, 1165 228.40 SEP 20, 1166 227.15
15 230 ·35 10 228. q; SEP 05 228.30 25 227.07
20 230·33 15 228.82 10 228.38 30 227.04
25 230.35 20 228.97 15 228.19 NOV 05 226.94
31 230.30 25 229.lIi 20 228.33 30 227 .10

NOV 05 230.25 30 228.82 25 228.20 DEC 05 226.69
10 230.37 OCT 05 228.87 30 228.32 10 227 .31
15 230.32 10 228.90 OCT 05 228.27 15 227.13
20 230.10 15 228.74 10 228.25 20 226.92
25 230.37 20 228.77 15 227.95 25 226.76
30 230.45 25 228.76 20 228.32 31 226.81

DEC 05 230.38 31 228.71 25 228.39 JAN as, 1167 226 .70
10 229.77 DEC 15 228.56 31 228.31 10 227.26
15 230.35 20 228.82 NOV 05 228.18 15 226 .89
20 230.22 25 228.40 10 228.05 20 226.77
25 230.33 31 228.73 15 228.10 25 226.55
31 230.35 JAN OS, 1165 228.85 20 228.14 31 226 .66

JAN 05, 1164 230.20 10 228.87 25 227 .88 FEB 05 226.73
10 230.00 15 228.90 30 228.23 10 226 .61
15 230.10 20 228.51 DEC 05 228.32 15 226.45
20 230.00 25 228.36 10 227.81 20 226.64
25 230.35 31 228.42 15 227.80 25 226 .60
31 230.35 FEB 05 228.52 20 228.38 28 226.97

FEB 05 229.90 10 228.31 25 228.17 HAR 05 226 .37
10 229.12 15 228.59 31 228.05 10 226 .45
15 228.97 20 228.12 JAN 05, 1166 228.30 15 226 .71
20 229.20 25 228.75 10 228.20 20 226 .61
25 228.93 28 228.34 15 227. 97 25 226 .43
29 228.94 MAR 05 228.74 20 227. 93 31 226 .37

MAR 05 228.93 10 228.51 25 228.01 APR 05 226 .52
10 229.12 15 228.49 31 227.80 10 226 .43
15 229.22 20 228.68 FEB 05 228.14 15 226.38
20 229.17 25 228.34 10 227.83 20 226.46
25 228.98 31 228.53 15 228.01 25 226.41
31 229.03 APR 05 228.49 20 228.15 30 226 .42

APR 05 228.85 10 228.32 25 227.83 MAY 05 226 .45
10 229.10 15 228.73 28 228.00 10 226 .33
15 229.03 20 228.61 MAR 05 228.30 15 226 .75
20 228.94 25 228.44 10 227.16 20 226 .52
25 228.95 30 228.51 15 227.90 25 226 .39
30 228.84 HAY 05 228.28 20 227.87 31 226 .23

HAY 05 228.16 10 228.58 25 221.91 JUN 05 226 . .49
10 229.16 15 228.43 31 227.97 10 226 .27
25 229.16 20 228.43 APR 05 228.02 15 226.46
31 228.97 25 228.35 10 227.711 20 226 .119

JUN 05 228.92 31 228.31 15 228.Cll 25 226 .113
10 228.97 JUN 05 228.46 20 227.70 30 226 .112
15 228.92 10 228.113 25 228.00 JUL 05 226 .32
20 228.97 15 228.19 30 227.88 10 226 .110
25 229.09 20 228.48 JUN 30 227.57 15 226 .39
30 229.03 25 228.19 JUL 05 227.46 20 226 .33

JUL 05 228.90 30 228.34 10 227.45 25 226.43
10 229.03 JUL 05 228.38 15 227.38 31 226 .33
15 228.99 10 228.33 20 227 .28 AUG 05 226 .41
20 228.93 15 228.42 25 227.34 10 226 .45
25 228.93 20 228.31 AUG 05 227.18 15 226.29
31 228.91 25 228.38 10 227.12 20 226 .27

AUG 05 229.04 31 228.44 15 227·33 25 226 .32
10 228.88 AUG 05 228.30 20 227 .27 31 226 .35
15 228.lIi 10 228 . .40 25 227 .32 SEP 05 226 .20
20 228.78 15 228.32 31 227 .14 10 226 .27
25 228.93 20 228.3.4 SEP 10 227.13 15 226.26
31 228.79 25 228.33 15 227·09 20 226 .25
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Table 13.--Water levels in selected observation wells--Contlnued

(D-43- 2)14BAB- 1 -- CONTINUED

SEP 25, 1967 226 .18 APR 20, 1969 224.73 FEB as, 1971 223.18 MAR 20, 1974 219.ffi

30 226 .17 JUN 05 22~. 72 10 223.51 25 219.88

OCT 05 226 .13 10 224.48 15 223·18 31 219.73
10 226 .15 15 22~.6.1j 20 223.88 APR 05 220.07

15 226 .10 20 224.66 25 223. 12 10 219.67

20 226 .21 25 22~.3 9 28 223.17 15 220.04

25 226 .10 30 224.71 MAR 05 223.0~ 20 219.68

31 226 .17 JUL 05 22~.55 10 223·22 JUN 10 219.79

NOV 05 226 .01 10 224.75 15 223.29 15 219.70

10 226 .10 15 224.67 20 223.27 20 219.65

15 226 .10 20 224.78 25 223.08 25 219.70

20 226 .23 25 224.62 31 222.98 30 219.60

25 226 .28 31 224.70 APR 05 223.Iil JUL 05 219.52

30 225.84 AUG 05 224.54 10 223.16 10 219.4.1j

DEC 05 225.97 10 22.1j.50 15 222.85 15 219.52

10 226.06 15 224.63 20 222.98 20 219.48

15 225.79 20 224.59 25 222.88 25 219.34

20 225.65 3 I 22.1j.43 30 223.27 31 219.24

25 226 .20 E SEP 05 224.35 MAY as 223.02 AUG 05 219.14

31 225.99 10 224.51 10 223.24 10 219.07

JAN OS, 1968 226 .05 15 22.1j.44 15 223·17 15 219.04

10 225.88 20 224.31 20 223.04 20 218.88

15 225.96 25 22.1j.43 25 223·12 25 218.96

20 226 .08 30 22.1j.33 31 223.08 31 218.82

25 225.64 OCT 05 224.37 JUN 05 223.24 SEP 05 218.63

31 225.77 10 22~.14 10 223.05 10 218.71

FEB 05 226 .04 15 224.31 15 223.05 15 218.87

10 225.64 20 224.43 20 223.19 20 218.74

15 225.71 25 224.60 25 223.14 25 218.62

20 225.72 3 I 224.50 30 223.18 30 218.70

25 225.83 NOV 05 22.1j.70 JUL 05 223·13 OCT 05 218.45

29 225./E JAN 15, 1970 224.05 10 223.16 10 218.4.1j

MAR 05 225.60 20 224.23 15 223.00 15 218.61

10 225.48 25 224.06 20 223.17 20 219.28

15 225.70 3 I 224.16 25 223.10 25 219.44

20 225·71 FEB 05 22.1j.07 31 223.13 31 219.16

25 225.58 10 224.15 AUG 05 223.09 NOV 05 219.20

31 225.55 15 223.98 10 223.07 10 219.18

APR 05 225.57 20 224.25 15 223.01 15 219.02

10 225.87 25 224.13 20 223·03 20 219.15

15 225.51 28 223.90 25 223.04 25 219.10

MAY 20 225.48 MAR 05 223.84 31 222.90 30 219.08

25 225.50 10 223.69 SEP 05 222.89 DEC 05 218.84

31 225 •.Ij.lj 15 223.95 10 222.141 10 217.63
JUN 05 225.2.1j 20 223·98 15 222.74 15 217.80

10 225.52 25 223.82 20 222.76 20 217.10 E

15 225.50 31 223.44 25 222.64 25 217.70 E

20 225.148 APR 05 223.05 30 222.55 3 I 217.70 E

25 225.35 10 223.18 OCT 05 223.01 JAN 05. 1975 217.70 E

30 225.12 15 223.67 10 222.9.1j 10 217.70 E

JUL 05 225.17 20 223.70 15 222.148 15 217.70 E

10 225.16 25 223.84 20 222.99 20 217.60 E

15 225.31 30 223·94 25 222.60 25 217.60 E

20 225. I 9 MAY 05 223.99 3 I 222.79 31 217.60 E

25 225.24 10 223.64 NOV 05 222.80 FEB 05 217.60 E

31 225.30 15 224.06 10 222.99 10 217.60 E

AUG 05 225.26 20 223·73 15 222.55 15 217.60 E

10 225.31 25 223.88 20 222. \2 20 217.60 E

15 225.45 31 223.82 DEC 31 222.70 25 217.40 E

20 225.43 JON 05 223·63 FEB 10, 1972 222 • .lj1 28 217.40 E

25 225.22 10 223·56 15 222.31 MAR 05 217.40 E

31 225.21 15 223.00 20 222.51 10 217.140 E

SEP 05 225.30 20 223.85 25 222.23 15 217.30 E
10 225.26 25 223·91 29 222.14 20 217.30 E
15 225.07 30 223.64 MAR 05 222.41 25 217.30 E
20 225.01 JUt 05 223.91 10 222 • .115 31 217.20 E

25 225.37 10 223.ffi 15 222.36 APR 05 217.20 E

30 225.31 15 223.78 MAY 03 222.28 10 217.20 E

OCT 05 225.19 20 223.73 OCT 17 221.63 15 217.10 E

10 225.20 25 223.78 DEC 18 222.20 20 217.10 E

15 225.0.lj 31 223.68 HAR 01, 1973 221.38 25 216.74
20 225.21 AUG 05 223.75 APR 16 220.60 30 216.97
25 225.31 10 223.66 AUG 2.11 220.20 HAY 05 216.66
31 225.01 15 223.70 SEP 10 221.20 10 216.95

NOV 05 225.00 20 223.69 15 221.02 15 216.70
10 225.04 25 223.69 20 220.98 20 216.32
15 224.63 31 223·62 25 220.63 25 216.66
20 224.40 SEP 05 223.41 30 221.02 31 216.59
25 224.76 10 223.72 OCT 05 220.9.1j JUN 05 216.52
30 224.53 15 223·52 10 220.80 10 216.56

DEC 05 224.54 20 223.52 15 221.11 15 216.39
10 224.33 25 223.49 20 220.89 20 216.34
15 225.09 30 223.67 25 220.87 25 216.39
20 224.62 OCT 05 223·45 3 I 220.79 30 216.37
25 224.84 10 223.39 NOV 05 220.85 JUL 05 216.31
31 225.1.11 15 223·56 10 220.98 10 216.30

JAN os, 1969 225.12 20 223.50 DEC 05 220.78 15 216.09
10 22.11.8) 25 223 •.lj2 10 220.93 20 216.08
15 224.85 31 223.61 15 220.65 25 216.06
20 22.1j.82 NOV as 223.61 20 220.ffi 31 216.03
25 22.1j.l!i 10 223.149 25 220 •.lj3 AUG 05 215.97
31 225.07 15 223·80 31 220 • .Ij.lj 10 215.88

FEB 05 224.85 20 223·38 JAN OS, 1974 220.2.1j 15 215.88
10 225.07 25 223.23 10 220.36 20 215.79
15 224.80 30 223.28 15 220.8.1j 25 215.68
20 22.11.6.1j DEC 05 223.62 20 220.32 3 I 215.61
25 224.63 10 223.35 25 220.33 SEP 05 215.69
28 224.70 15 223·38 31 220.38 10 215.54

MAR 05 224.70 20 223.30 FEB 05 220.15 15 215.62

10 224.79 25 223.52 10 220.50 20 215.49
15 225.02 31 223.47 15 220.25 25 215.54
20 224.ffi JAN OS, 1971 223.49 20 219.84 30 215.~0

25 224.95 10 223.36 25 220.38 OCT 05 215.44
31 224.68 15 223.50 28 220.13 10 215.27

APR 05 224.66 20 223.34 MAR 05 220.00 15 215.38

'0 22.11.70 25 223.31 10 219.ffi 20 215.21

15 22.11.42 31 223.30 15 220.00 25 215.2.1j
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Table 13.--Water levels in selected observation wells--Continued

(D-43- 2)14BA&- 1 -- CONTINUED

OCT 31. , 975 2111.91 DEC 31, 1975 2111.11 SEP 26, , 979 205.54 S APR 25, , 9B, 203.52 S

NOV 05 215.13 JAN OS, , 976 2111.45 OCT 10 204.40 S HAY 22 203.21 S

10 21'1.83 '0 2111.38 3' 206 .59 s JUN 24 203.73 S

'5 215.08 '5 2'4.67 HAR 111. 1980 203.52 JUL 29 202.94 S

20 2111.<;6 20 2111.60 OCT 13 202.80 AUG 29 2011.00 S

25 214.88 25 2111.18 NOV 23 202.95 S OCT 02 209.77 S
30 2111.76 MAR 23, 1977 207.03 DEC 20 202.97 S 07 205.114 S

DEC as 2111.81 OCT 26 207.52 FEB 06. 1981 208.70 S NOV 111 203.32 S

10 214.65 "'AR 20, 1978 206 .66 26 205.911 S HAR 25. , 962 202.51 S

15 214.ffi OCT 12 205.88 S MAR 24 204.37 S OCT 05 201.37 S

20 214.90 MAR 20, 1979 206.15 S R 26 203.911 HAR 24, '983 200.60 s

25 2111.67 AUG 28 2011.48 S

(D-43- 3132DCA- 2 ALT. 3,984.34

OCT 10, ,g;3 310.21 FEB 28, ,g;5 272.08 MAR 20, ,G;7 24G .03 JUN 30, , G; 8 228.02

'5 306 .2' HAR 05 271. 94 25 239.42 JUL 05 227.78
20 3G3.47 10 271.57 3' 239.01 SEP '0 225.90
25 301. 87 15 271.24 APR 05 239.75 15 225.61

31 300.2' 20 271.02 '0 239.60 20 225.39
NOV 05 29B.94 25 270.63 '5 239.17 25 225.75

'0 297 .95 31 270.40 20 239.' 9 30 225.50

'5 2G; .78 APR 05 270.07 25 239. '4 OCT 05 225.35
20 304.06 '0 26 9.58 30 238.3' '0 225.10

25 300.9' '5 269.37 MAY 05 238.42 '5 224.78
DEC 05 297 .611 20 26 9.28 '0 238.30 20 2211.81

10 2 ex; .22 JUN 111 261.17 '5 238.49 25 2211.80

'5 295.25 JUL 31 265.53 20 238.38 3' 2211.114

20 2911.18 AUG 05 265.09 25 238.09 NOV 05 224.27
25 293 .25 10 26 4.78 3' 237.72 '0 224.26
3 , 292 .25 15 264.40 JUN 05 237.66 '5 2211.08

JAN 05. 1G; 4 291.38 20 265.09 '0 237.37 20 2211.211

'0 2~).54 25 265.115 '5 237.17 25 223.90
15 289.92 3' 26 4.76 20 237.18 30 223.8'
20 289.13 SEP 05 264.08 25 236.17 OEC 05 223.99
25 288.45 10 263.60 30 236.23 10 224.06
31 287.70 15 263.30 JUL 05 236. '9 '5 223.87

FEB 05 2ffi .98 20 262.79 '0 236.02 20 223.34
10 2ffi .68 25 262.40 '5 235.89 25 223.27

'5 285.62 30 262.04 20 235.70 3' 223.23
20 285.23 OCT 05 261.67 25 235.66 JAN 05, ,G;9 223.10
25 284.46 '0 26 1.39 31 235.50 '0 222.83
29 284.02 15 260.84 AUG 05 235.32 '5 222.64

MAR 05 283 .40 20 260.63 10 235. '2 20 222.53
10 3'3.45 25 260.43 15 234.84 25 222.35
'5 307.45 31 260.01 20 234.76 3' 222.30
20 304.05 NOV Os 259.69 25 234.6 , FEB 05 222.12
25 301.80 '0 259.38 3' 2311.58 09 222.16
31 298.57 '5 259.07 SEP 05 234.35 25 221.70

APR 05 297 .87 20 258.75 10 234.20 28 221.93
10 2<;6.00 25 258.22 15 234.11 MAR 05 222.58
15 2G;.27 30 258. ,8 20 234.09 10 221.53
30 292. ffi DEC 05 257.90 25 233.70 '5 221.60

HAY as 307.60 10 257.25 30 233.58 20 221.112
10 299.44 '5 256 .84 OCT 05 233.40 25 221.35

'5 295.55 20 256 .85 10 233.22 31 221.16
20 292 .85 25 256 .54 15 233.05 APR 05 22' .09
25 293.50 31 256 .12 20 233.06 10 221.00

3' 291.33 JAN 05, 1g;6 256 .03 25 232.88 '5 220.62
JUN 05 289.90 '0 255.62 31 232.94 20 220.94

'0 294.40 '5 255. 'Ii NOV 05 232.77 25 220.84

'5 291. 75 20 255.12 '0 232.62 30 220.66
20 289.92 25 254.90 15 232.47 MAY 05 220.55
25 288.62 3' 254.49 20 232.23 '0 220.60
30 287.31 FEB 05 254.32 25 231.18 JUN 05 220.05

JUL 05 2Efi .22 '0 253.62 30 23' .95 '0 2' 9.77
10 285.48 '5 253.70 DEC 05 231.80 '5 2'9.8'
'5 284.ffi 20 253.52 '0 231.63 20 2'9.76
20 283 .84 25 253.18 15 23' .34 25 219.50
25 283 .16 28 252.95 20 231.09 30 219.38
31 262.90 MAR 05 252.77 25 231.65 JUL 05 219.44

AUG 05 281. 95 10 252.55 31 231.29 10 2' 9. 'Ii
'0 281.12 15 252.17 JAN OS, ,G;8 231.55 '5 219.42

'5 280 .54 20 251.95 10 231.56 20 2'9.36
20 279.92 25 251.69 15 231.94 25 219.20
25 279.44 31 25' .53 20 231.62 3' 2'9. ,4
31 278.8' APR aS 251.20 25 231.39 AUG 05 218.85

SEP 05 278.05 10 250.92 3' 231.25 '0 2'8.94
10 217 .67 15 250.75 FEB 05 23'·30 3' 218.119
15 277.17 20 250.23 10 230.92 SEP 05 2'8.47
20 276.85 25 250.28 '5 230.68 10 218.45
25 276.36 30 249.93 20 230.54 '5 218.35
30 296.95 MAY 05 249.67 25 230.32 20 218. '5

OCT 05 290.30 10 249.32 29 230.28 25 218.10

'0 288.20 '5 249.08 MAR 05 230.12 30 2'7.97
15 2ffi .35 JUN 05 255.78 '0 229.72 OCT 05 217.52
20 284.80 10 254.56 '5 229.68 10 217.6 ,
25 283.37 15 253.56 20 229.60 15 217 .85
3' 281. 90 20 252.35 25 229.35 24 217.75

NOV 05 280.52 25 251.85 3 , 229.30 25 217·77
30 278.26 30 251.30 APR 05 229.112 31 2'7.65

DEC 05 277.50 JAN 05, ,G;7 21111.02 '0 229.45 NOV 05 217.48
'0 277 .22 '0 243.83 15 229. '2 10 2'7.34
14 276.8' '5 243.43 20 228.87 '5 217.10
22 276.35 20 243.28 25 228.95 20 217.27
25 275.38 25 243.00 30 229.12 25 217.12
31 275.07 31 242.09 HAY 05 228.54 30 217.02

JAN 05, 1\li5 2711.75 FEB 05 242.79 10 228.67 DEC 05 216.65
10 274.30 '0 2112.21 20 228.44 10 2'6.47
15 273.95 15 241.89 25 228.04 15 2,6.72
20 273.40 20 2111.32 31 227.99 20 2'6.55

FEB 08 273.38 25 2111.04 JUN 05 227.60 25 216.42
10 273 .16 28 240.72 10 227.65 3' 2'6.35
15 272.97 MAR 05 240.21 '5 228.09 JAN 15, 1970 216.05
20 272.74 '0 240 .50 20 227.80 20 2'6. ,0
25 272.37 15 2110.18 25 227.66
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Table 13 .--Water levels in selected observation wells--Continued

(D-43- 3 )32DCA- 2 CONTINUED

JAN 25, 1970 215.91 AUe 20, 1971 207.79 HAY 10, 1973 202.22 OCT 20, 1974 206.40

31 215.92 25 207.74 15 202.26 25 206 .46

FEB 05 215.75 31 207.67 20 202.06 31 206 .19

10 215.82 SEP 05 207.61 25 201.94 NOV 05 206 .16

15 215.63 10 207.60 31 201. 96 10 206 .15

20 215.70 15 207.43 JUN 05 201. 9\ 15 206 .07

25 215.67 20 207.45 10 201. 94 20 210.31 E

26 215.63 25 207.30 15 201.84 25 214.50 E

MAR 05 215.15 30 207.13 20 201.92 30 216.70 E

10 214.92 OCT 05 207.43 25 201.66 DEC 05 222. ~ E

15 215.16 10 207.33 30 201. 77 10 227.10 E

20 215.16 15 206.93 JUL 05 201.76 15 231.32 E

25 215.01 20 207.06 10 201.75 20 225.75

31 214.67 25 206.63 15 201.71 25 222.95

APR 05 215.07 31 206 .67 20 201.53 31 220.66

10 214.86 NOV 05 206.63 25 201.55 JAN 05, 1975 219.36
15 21lL62 10 206 .93 31 201.53 10 218.00 E

20 214.56 15 206 .59 AUG 05 201.47 15 216.00 E

25 214.53 20 206.73 10 201.35 20 245.35

30 214.50 25 206 .70 15 201.35 25 243.11

MAY 05 214.48 30 206 .47 20 201.311 31 229.05

10 214.13 DEC 05 206 .45 25 201. 13 FEB 05 226 .22

15 214.31 10 206 .47 31 201.06 10 223.56
20 214.08 15 206 .56 SEP 05 201.09 15 221.80

25 214.10 20 206.72 10 201.00 20 246.58

31 213.95 25 206 .63 15 200.93 25 234.46

JUN 05 213.67 31 206 .62 20 200.87 26 231. 74

10 213.61 JAN 05, 1972 2t11 .52 25 200.71 MAR 05 228.211

15 213.63 10 2«J .34 30 200.63 10 225.65

20 213.56 15 2()) .111 OCT 05 200.77 15 224.25

25 213.51 20 206 .25 10 200.62 20 223.14

30 213.33 25 206 .16 15 200.60 25 221.96

JUL 05 213.45 31 21J6.37 20 200.68 31 221.06
10 213.42 FED 05 206 .46 25 200.60 APR 05 220.47

15 213.32 10 206 .47 31 200.53 10 236.74
20 213.20 15 206 .37 NOV 05 200.41 15 231.43
25 213.13 20 206 .38 10 200.55 20 226.15

31 212.96 25 206.13 15 200.40 25 227. ~ E
AUG 05 212.88 29 206 .15 20 zOO .20 30 227 .65 E

15 212.74 MAR 05 2t)) .16 25 200.15 MAY 05 227.40 E
20 212.75 10 206 .13 30 200.45 10 227.15 E
25 212.69 15 206.10 DEC 05 200.40 15 226.~ E

31 212.56 20 205.91 10 200.43 20 226.65 E
SEP 05 212.33 25 205.85 15 200 .22 25 226 .40 E

10 212.41 31 205.85 20 200.37 31 226.15E
15 212.48 APR 05 205.74 25 200.05 JUN 05 225.90 E
20 212.47 10 205.60 31 199.98 10 225.65 E

30 212.45 15 205.57 JAN OS, 1974 , 99.76 15 225.40 E
OCT 05 212.30 20 205.51 10 199.75 20 225.15 E

25 211.97 25 205.35 15 200.14 25 224. ~ E

31 212.02 30 205.40 20 199.9\ 30 224.65 E
NOV 05 211.98 HAY 05 205.23 25 199.93 JUL 05 224.40

10 211.63 25 205.10 31 199.63 10 223.10
15 211. 92 31 205.06 FEB 05 199.72 15 222.02
20 211.62 JUN 05 205.09 10 199.65 20 221.19
25 211.40 10 204.94 15 199.67 25 220.54
30 211.37 15 204.91 20 199.52 31 219.11i

DEC 05 211.50 20 204.63 25 199.76 AUG 05 219.36
10 211.33 25 204.70 26 199.60 10 216.95
15 211.26 30 204.66 HAR 05 199.47 15 218.60 E
20 211.06 JUL 05 204.67 10 199.36 20 216.30 E
25 211.13 10 204.58 15 199.40 25 218.00 E
31 211.05 15 204.43 20 199.36 31 217.64 E

JAN 05, 1971 210.96 AUO 15 205.00 25 199.30 SEP 05 217.34 E
31 210.62 20 205.00 31 199.12 10 217 .04 E

FEB 05 210.43 25 204.82 APR 05 199.14 15 216.74 E
10 210.57 SEP 15 204.75 10 198.89 20 216.44 E
15 210.28 20 204.70 15 199.03 25 216.14 E
20 209.97 25 204.52 20 198.79 30 215.64 E
25 210.09 30 204.67 25 196.79 OCT 05 215.54 E
28 210.09 OCT 05 204.54 30 196.63 10 215.24 E

HAR 05 209.93 10 204.48 HAY 05 196.65 15 215.00 E
10 209.97 15 204.47 10 196.46 20 214.74
15 209.92 20 204.49 15 198.32 25 214.55
20 209.~ 25 204.57 20 198.38 31 214.20
25 209.68 31 204.48 25 198.56 NOV 05 214.13
31 209.59 NOV 05 204.41 31 198.39 10 213.79

APR 05 209.87 10 204.39 JUN 05 196.30 15 213.78
10 209.65 15 204.32 '0 '98.36 20 213.56
15 209.41 20 204.33 15 198.26 25 213 .41
20 209.30 25 204.36 20 196.21 30 213.09
25 209. '5 30 204.46 25 196.19 DEC 05 213 .07
30 209.33 DEC 05 204.04 30 196.06 10 212.62

MAY 05 208.9\ JAN 25, 1973 202.88 JUL 05 196.05 '5 212.74
10 209.07 31 202.62 10 197.97 20 212.70 E
15 208.98 FEB 05 202.63 '5 197 .99 25 212.al E
20 206.64 '0 202.65 20 197 .99 31 212.80 E
25 208.79 15 202.67 25 197.88 JAN 05, 1976 242.12
31 208.66 20 202.78 31 197.76 10 242 .10

JUN 05 206.78 25 202.66 AUG 05 196.40 E 15 242.12

'0 208.59 26 202.48 10 199.00 E 20 242.12
15 206.67 HAR 05 202.28 15 199.60 E 25 242.12
20 206.75 10 202.33 20 200.20 E HAR 03 241.10
25 206.67 15 202.26 25 200.60 E OCT 07 234 .98
30 206.56 20 202.18 31 201.40 E HAR 23, 1977 224.21

JUL 05 206.50 25 202.3' SEP 05 202.00 E OCT 26 2'6.41
10 206.47 31 202.16 10 202.60 E MAR 20, 1976 214.21
15 206.33 APR 05 202.26 15 203.20 E OCT 12 211.43
20 206.33 10 202.40 20 203.60 E HAR 10, 1979 207.05 S
25 206.23 15 202.30 25 204.40 E OCT 10 205.64 S
31 208.12 20 202.24 30 205.00 E MAR 14, '960 203.43 S

AUG 05 206.02 25 202.32 OCT 05 205.60 E OCT 13 200.62 S
10 207.97 ·30 202.11 10 206 .20 E
'5 207. B2 MAY 05 202.13 15 206.50 E
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Table 13 .--Water levels in selected observation wells---Continued

(0-44- 3) 2BDC- , ALT. 3,820

APR 27. 198, '07.53 5 HAY 26. '98, '07.3' 5 JUN ,8. , 98, '06.985 AUG 29. , 98, ,06.63 5

(D-44- 4) 8BBe- , ALT. 3.722.87

JUL '5. , 964 357.07 HAY 05, '966 270.08 5EP 30. 1967 233.63 APR 15, , 96 9 204.05

20 355.03 '0 269.' , OCT 05 233.32 20 203.88

25 354034 15 26 8.30 10 233. ,4 25 203.42

3' 353.85 20 267.Bl '5 233.06 30 202.69

AUG 05 353.05 25 267.31 20 232.63 HAY 05 202.15

'0 352. '8 31 266.35 25 232.24 '0 201.62

15 351.39 JUN 05 265.69 31 232.01 15 200.80

20 350.55 '0 26 4 .99 NOV 05 231. 70 20 200.1.11

25 349.92 '5 264.31 '0 231.43 25 , 99.'6

31 348. '8 20 263.67 '5 231.37 3' , 98.00

NOV 05 337.05 25 263.04 DEC 05 230.20 JUN 05 , 97 .70

10 336.02 30 262.57 10 230.0.11 10 1!16 .33
15 335.53 JUL 05 261. 97 '5 229.53 '5 195.52
20 335.14 10 261.59 20 229.25 20 194.94

JAN 10, '965 331.70 '5 26 1.'0 25 229.62 25 '93 .67

'5 331.5' 20 260.60 3 , 229. ,0 30 ''8.06
20 330.65 25 260.'9 FEB 10, 1968 227.32 JUL 05 , 92 .39

25 329.90 31 259.7' '5 227 .24 '0 , 91. 90

3' 329.03 AVO 05 259.24 20 226 .94 15 '9' .20
FEB 05 328.50 '0 258.72 25 226.'8 20 190.65

'0 327. '8 '5 258.55 28 226 .65 25 190.06

'5 327.67 20 258.00 HAR 05 226 .27 3' 189.55
20 327 .28 25 257.70 '0 225.99 AVO 05 , 88.6 8
25 326 .40 3' 257.25 '5 226. ,8 10 '88.63
28 325.72 5EP 05 256. 95 20 226 .02 '5 , 88.45

HAR 05 325.55 '0 256 .48 25 225.73 20 '88.25
10 324.75 '5 256.13 3' 225.62 25 187.67
15 324.27 20 255.95 APR 05 225.85 3' 187.32
20 323.85 25 255.48 '0 226 .10 SEP 05 '87.03
25 323.14 30 255.25 15 225.87 10 , II; .63

31 322.46 OCT 05 255.21 20 225.90 '5 '11; .58
APR 05 322. ,4 '0 254.72 25 226 .02 20 '11;.27

'0 321.37 '5 25.11.40 30 226 .05 25 1ffi .09

'5 321.23 20 25.11.00 HAY 05 225.89 30 'II; .00
20 320.57 25 25.11.04 10 226 .02 OCT 05 '85.84
25 320.00 31 253.64 '5 225.89 '0 185.11

30 319.55 NOV 05 253.22 20 225.87 15 '84.85
HAY 05 318.80 '0 252.80 25 225.85 20 '84.75

10 318.50 '5 252.65 3' 225.22 25 '84.37
15 3'7.93 20 252.38 JUN 05 224.57 31 '63 .89
20 317.38 25 252. '7 '0 223.97 NOV 05 '63 .40
25 3'6.77 30 251. 75 '5 223.07 10 1113. '6

3' 316.31 OEC 05 250.90 20 222.27 '5 162. '6
JON 05 3'5.94 '0 25' .23 25 221.48 20 '62.88

10 3'5.37 '5 25' .00 30 220.62 25 162 .50
15 3'4.32 20 250.44 JUL 05 220.08 30 '82. '6
20 313.80 25 250.00 10 2'9.46 DEC 05 181.60
25 313.07 31 249.98 '5 218.67 '0 181.35
30 312.26 JAN 05. 1967 249.48 20 218.44 '5 181.42

JUL 05 311.36 10 250.00 25 217.95 20 181.15
10 310.33 15 249.50 3 I 2'7.35 25 180.78
15 309.54 20 249.21 AUG 05 2'6.11; 31 '80.65
20 308.46 25 248.74 10 216.52 JAN OS, 1970 180.45
25 307.80 31 2118.62 15 2'5.75 10 180.31

3' 306.55 FEB 05 248.4' 20 2'5.22 15 '80 .14
AUO 05 305.53 10 248. '4 25 2'5.03 20 '80.32

10 304.23 15 248.03 3' 2'4.51 25 180.60
15 303.92 20 248.00 SEP 05 2'4.24 3' 180.45
20 303.11 25 241.46 '0 213.82 FEB 05 180 .3'
25 302.53 28 247.78 '5 2'3.33 10 180.11

3' 301.79 HAR 05 241.17 20 213. ,4 15 180 .05
5EP 05 301.44 10 241.01 25 213.26 20 '19.94

'0 300.29 '5 241. '2 30 212.90 25 179.6 8

'5 299.45 20 21fi.9O OCT 05 212.51 28 '79.30
20 298.84 25 21fi .49 10 2'2.37 HAR 05 '18.98
25 298. '0 3' 21fi .09 '5 211.91 '0 118.57
30 291.76 APR 05 21fi.06 20 211.95 15 '77.95

OCT 05 2!16 .79 '0 245.8' 25 211.11 20 '17.76
'0 2gi .11 15 245.60 3' 2'1.63 25 177 .48

'5 295. '8 20 245.58 NOV 05 2".33 3 , 177 .05
20 295.03 25 245.57 10 2'1.21 APR 05 177. '1
25 294.35 30 245.48 '5 210.87 10 '76.92
3' 2'8.51 MAY 05 245.37 20 211.08 15 '16.81

NOV 05 292.61 10 245.19 25 210.51 20 '16.82
'0 292 .00 15 2"5.57 30 210.13 25 176 .85
15 291.31 20 245.4' DEC 05 210.00 30 '76 .99
20 290.10 25 245.21 10 209.92 HAY 05 '76.92
25 289.73 3' 244.62 '5 209.64 '0 116.63
30 289.47 JON 05 244.le 20 209.00 15 171.06

DEC 05 289.00 '0 243.57 25 209. ,2 20 '76. '3
'0 287.8' 15 243 .04 31 209.45 25 175.63

'5 211;.96 20 242.54 JAN 05. '!169 209. ,8 31 '14.64
20 211;.80 25 24' .88 '0 208.84 JUN 05 113.75
25 285.3' 30 241.17 '5 208.62 '0 112.48

3' 263.75 JUL 05 240.49 20 208.39 15 '11.60
JAN 05. 1gi6 263. '5 10 240.04 25 208.20 20 '10.82

'0 262 .50 '5 239.40 3' 208. '1 25 169.95
15 281.11; 20 238.18 FEB 05 207.76 30 '68.91
20 280.93 25 238.24 10 207.113 JUL 05 '68.26
25 280 .12 31 231.15 '5 207.28 10 161.51

FEB 25 278.35 AUG 05 231.25 20 201.07 15 '66.53
28 218. '3 10 231.03 25 206 .65 20 165.62

MAR 05 277 .54 15 236.4' 28 206.56 25 165.15
10 216.73 20 235.99 MAR 05 206.28 31 164.27
15 276.00 25 235.88 '0 206 .01 AUG 05 '63.82
20 215.39 31 235.50 15 206.06 10 '63.35
25 274.92 SEP 05 235.19 20 205.61 '5 '62.92
31 27.11.29 10 234.62 25 205.57 20 162.78

APR 05 273.69 15 234.54 31 204.96 25 162.61
10 272.63 20 2311.29 APR 05 204.71 3 I 162.25
15 272.41 25 233.95 10 204.60 SEP 05 161.9'
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Table 13.--Water levels in selected observe tion vells--Continued

(D-44- 4) 8BBe- 1 -- CONTINUED

SEP 10, 1970 161.62 MAR 20, 1972 133.68 JUL 31, 1973 115.97 JAN 05, 1975 91.17
15 161.31 25 133.34 AUG 05 115.38 10 90.2l

OCT 25 158.21 31 133.15 10 114.65 15 91.58
31 157.83 APR 05 132.90 15 114.12 20 91.48

NOV 05 157.48 10 132.64 20 113 .50 25 91.52
10 156.98 15 132.64 25 112.63 31 91.64
15 156 .90 20 132.38 31 111.98 FEB 05 91.65
20 156.26 25 132.20 SEP 05 111.71 10 91.70
25 155.63 30 132.56 10 111.32 15 91. 75
30 155.38 HAY 05 132.27 15 110.66 20 91.80

DEC 05 155.45 10 132.23 20 110.16 25 91.83
10 154.88 15 132.26 25 109.68 28 91. !Ii
15 154.70 20 132.11 30 109.42 MAR 05 91.68
20 154.30 25 131. 95 OCT 05 109.00 10 91.44
25 154.32 31 131.79 10 108.50 15 91.63
31 153 .98 JUN 05 131.52 15 108.01 20 91.64

JAN OS, 1971 153.90 10 130.98 20 107.24 25 91.26
10 153.63 15 130.70 25 106 .32 31 91.44
15 153.77 20 130.17 31 106 .29 APR 05 91.52
20 153 .23 25 129.70 NOV 05 106 .08 10 91.57
25 153.10 30 129.56 10 105.11i 15 91.48
31 152.57 JUt 05 129.22 15 105.43 20 91.62

FEB 05 152.15 10 128.79 20 104.88 25 91.50
10 152.08 15 128.58 DEC 05 104.02 30 91.30
15 151.50 20 128.31 10 103.79 MAY 05 91.10
20 150.88 25 128.39 15 103.53 10 90.99
25 150.75 31 128."6 20 103.26 15 90.64
28 150.67 AUG 05 128.48 25 102.16 20 90.06

MAR 05 150.32 10 128.55 31 102.06 25 89.84
10 150.23 15 128.90 JAN 05, 1974 101.75 31 89.27
15 150.19 20 129.08 10 101.76 JUN 05 88.40
20 149.81 25 129.09 15 102.02 10 87.97
25 149.43 31 129.35 20 101.41 15 87.13
31 149.07 SEP 05 129.54 25 101.31 20 iii .3'

APR 05 149.28 10 129.80 31 101.20 25 85.44
10 148.95 15 130.11 FEB 05 100.77 30 84.43
15 148.58 20 130.38 10 100.90 JUL 05 83 .42
20 148.3 I 25 130.42 15 100.55 10 82.48
25 147.94 30 130.90 20 99.91 15 81.33
30 148.09 OCT 05 131.04 25 100.09 20 80 .53

MAY 05 147.58 10 131.03 28 99.82 25 79.79
10 147.54 15 131.18 MAR 05 99. iii 31 79.14
15 147.12 20 130.70 10 99.30 ADG 05 78.55
20 1iii .53 25 130.60 15 99.03 10 78.26
25 ll1i.n 3 I 130.38 20 98.55 15 78.15
31 145.88 NOV 05 130.01 25 98.32 20 77.<J,

JUN 05 145.32 10 129.78 31 97.82 25 77.30
10 144.68 15 129.63 APR 05 97. iii 31 76.98
15 144.41 20 129.49 10 97. iii SEP 05 76.98
20 143 .60 25 129.58 15 97 .71 10 76.75
25 142.77 30 129.58 20 97 .38 15 76 .79
30 141. 85 DEC 05 128.87 25 97 .31 20 76 .64

JUL 05 141.05 10 129.17 30 97 .17 25 76.74
10 140.83 15 129.60 MAY 05 <J, .58 30 76 .71
15 139.81 20 129.41 10 <J, .24 OCT 05 76 .89
20 139.32 25 129.58 15 95. iii 10 76.95
25 138.75 31 129.40 20 95.69 15 77.19
31 138.60 JAN 05, 1973 129.53 25 95.11 20 77.10

AUG 05 138.51 10 129.65 JUN 10 92.82 25 77 .22
10 138.09 15 130.08 15 92.08 31 76.82
15 138.11 20 129.82 20 91.41 NOV 05 76.85
20 137.90 25 130.52 25 90·2l 10 76 .35
25 137.82 3 I 130.13 JUL 05 89.83 15 76 .45
31 137.31 FEB 05 130.75 10 89.55 20 76.24

SEP 05 137.45 10 130.68 15 89.51 25 76.03
10 137 .23 15 130. <J, 20 89.45 30 76 .01
15 137.31 20 '31.25 25 89.25 DEC 05 75.78
20 136.92 25 131.22 31 89.17 10 75.42

OCT 20 136.22 28 131.03 ADO 05 89.14 15 75.57
25 135.78 MAR 05 130.88 10 89.27 20 75. iii
31 135.65 10 130.98 IS 89.36 25 75.17

NOV 05 135.55 15 131.11 20 89.38 3 I 74. iii
10 135.68 20 130.85 25 89.72 JAN 05, 1976 74.68
15 135.10 25 131.35 31 90.00 10 74.61
20 135.34 31 131.50 SEP 05 90 .29 15 74.77
25 135.23 APR 05 131.87 10 90.44 20 74.78
30 134.2l 10 132.22 15 90 .48 25 74.35

DEC 05 135.0R 15 132.113 20 90 .34 31 74.61
10 134.94 20 132.77 25 90. iii FEB 05 74.13
15 134.90 25 133.34 30 90.71 10 74.29
20 135.22 30 133.22 OCT 05 90.55 MAR 03 74.14
25 135.09 HAY 05 133.11 10 90.68 OCT 07 72.58
31 135.27 10 133.11 15 90 .94 MAR 23. 1977 79.26

JAN 05, 1972 135.11i 15 133.28 20 90.77 OCT 26 1Ii.87
10 135.23 20 132.52 25 90.99 MAR 20, 1978 95.66
15 135.54 25 131.25 31 90.76 OCT 12 85.58
20 135.26 31 129.11i NOV 05 90.78 MAR 20, 1979 91.25 S
25 135.23 JUN 05 129.00 10 9O.11i JUt 24 64.48 S
31 135.25 10 127.48 15 90 .66 OCT 10 61.04 S

FEB 05 135.17 15 126.06 20 90.90 OCT 31 60.75 S
10 135.27 20 124.77 25 90.78 HAR 14, 1980 59.55
15 135.06 25 123.20 30 90. iii OCT 13 47.57
20 135.11 30 121.63 DEC 05 90.72 HAIl 26, 1981 55.14
25 134.84 JUL 05 120.59 10 90.77 OCT 07 54.34
29 134.63 10 119.82 15 90.82 MAR 26, 1982 59.73

MAR 05 134.67 15 118.77 20 90·92 OCT 05 44.82
10 134.40 20 117.88 25 90.91 MAR 23, 1983 45.04
15 134.14 25 117.06 31 91.07

(D-44- 4) RBBD- 1 ALT. 3.760

JUL 24, 1979 73 .32 S DEC 21, 1980 61.48 s APR 25. 1981 63.60 S AUG 25, 1981 63.90 S
AUG 28 70.35 S JAN 24. 1981 61.95 S HAY 22 63.41 S 26 63. <J, S
SEP 29 70.61 S FEB 26 62.83 S JUN 24 63.24 S 29 64.27 S
OCT 3 I 70.117 S MAR 24 63.17 S JUL 29 63.22 S OCT 02 65.82 S

NOV 111 66.39 S
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Table 13.--Water levels in selected observation wells--Continued

WELLS IN ARIZONA

(A-41- 8)14BCB- 1 ALT. 4,120

OCT 00, 1957 880 R JAN 24, 1981 49i S FEB 09, 1981 492.99 S APR 13, 1983 484.70 S

SEP 26, 1979 510 T

(A-41- 8)23DAC- 1 ALT. 3,917

SEP 30, 19i 4 721 R SEP 30, 19i 9 620 R APR 18, 1974 497 R NOV 17, 1978 415 R

OCT 26 720 R NOV 05 617 R MAY 15 495 R DEC 15 414 R

NOV 30 719 R DEC 04 615 R JUN 13 494 R JAN 18, 1979 413 R

DEC 28 718 R 23 614 R JUL 17 491 R FEB 15 413 R

JAN 25, 19i5 717 R JAN 15, 1970 612 R AUG 16 489 R MAR 15 413 R

FEB 23 716 R FEB 20 609 R SEP 18 479 R APR 16 413 R

MAR 29 716 R MAR 24 606 R OCT 17 477 R MAY 16 411 R

APR 28 716 R APR 30 604 R NOV 14 475 R JUN 14 411 R

MAY 17 715 R MAY 28 601 R DEC 18 473 R JUL 13 410 R

JUN 15 714 R JUN 26 598 R JAN 15, 1975 471 R AUG 15 409 R

JUL 12 713 R JUL 29 59i R FEB 19 !(i9 R SEP 19 407 R

AUG 09 712 R AUG 25 593 R MAR 19 !(i7 R OCT 17 406 R

SEP 20 711 R OCT 01 590 R APR 16 !(i5 R NOV 16 406 R

OCT 18 710 R 28 587 R MAY 14 !(i4 R DEC 14 405 R

NOV 16 709 R NOV 23 584 R JUN 11 460 R JAN 15, 1980 403 R

DEC 13 708 R DEC 29 580 R JUL 16 160 R FEB 15 402 R

JAN 12, 19i6 708 R JAN 22, 1971 577 R AUG 13 458 R MAR 14 400 R

FEB 07 706 R FEB 23 574 R SEP 18 455 R APR 16 400 R

MAR 09 706 R MAR 25 571 R OCT 15 454 R MAY 14 398 R

APR 15 705 R APR 27 568 R NOV 19 452 R JUN 17 397 R

MAY 16 703 R MAY 27 565 R DEC 17 450 R JUL 17 39i R

JUN 13 703 R JUN 29 562 R JAN 14, 1976 449 R AUG 13 393 R

JUL 08 701 R JUL 27 559 R FEB 11 448 R SEP 22 392 R

AUG 10 700 R AUG 27 557 R MAR 31 444 R OCT 15 390 R

SEP 07 699 R SEP 30 564 R APR 14 443 R NOV 13 389 R

OCT 17 698 R OCT 22 562 R MAY 20 441 R DEC 16 388 R

NOV 17 69i R NOV 18 560 R JUN 16 441 R JAN 15, 1981 387 R

DEC 12 695 R DEC 23 557 R JUL 22 438 R FEB 13 3ffi R

JAN 09, 19i7 694 R JAN 19, 1972 553 R AUG 17 436 R MAR 16 385 R

MAR 08 690 R FEB 17 552 R SEP 15 433 R APR 15 384 R

APR 11 688 R MAR 16 549 R OCT 13 433 R MAY 15 382 R

MAY 15 687 R APR 18 516 R NOV 22 431 R JUN 15 382 R

JUN 15 684 R MAY 17 543 R DEC 15 430 R JUL 15 381 R

JUL 10 682 R JUN 15 541 R JAN 21, 1977 428 R AUG 14 380 R

AUG 09 680 R JUL 21 538 R FEB 17 430 R 28 378.1 L

SEP 19 677 R AUG 15 536 R MAR 16 426 R SEP 15 379 R

OCT 06 676 R SEP 21 534 R APR 13 425 R OCT 15 379 R

NOV 07 674 R OCT 18 532 R MAY 18 424 R NOV 16 379 R

29 673 R NOV 15 530 R JUN 16 423 R DEC 16 378 R

JAN 03, 19i 8 669 R DEC 15 528 R JUL 14 422 R JAN 18, 1982 378 R

29 667 R JAN 19, 1973 525 R AUG 16 421 R FEB 16 382 R

FEB 26 665 R FEB 13 524 R SEP 19 420 R MAR 16 377 R

MAR 28 663 R MAR 14 522 R OCT 19 420 R APR 15 375 R

APR 30 660 R APR 18 520 R NOV 16 419 R MAY 14 375 R

JUN 12 658 R MAY 16 519 R DEC 13 419 R JUN 15 376 R

NOV 01 652 R JUN 15 517 R JAN 17, 1978 418 R JUL 15 375 R

DEC 27 642 R JUL 18 515 R FEB 15 418 R AUG 13 375 R

JAN 27, 1C})9 639 R AUG 16 513 R MAR 09 417 R SEP 17 374 R

FEB 27 638 R SEP 19 511 R APR 13 417 R OCT 15 374 R

MAR 27 635 R OCT 16 510 R MAY 19 417 R NOV 17 372 R

APR 21 633 R NOV 14 508 R JUN 14 417 R DEC 15 372 R

MAY 27 630 R DEC 14 506 R JUL 12 416 R JAN 14, 1983 371 R

JUL 01 627 R JAN 16, 1974 505 R AUG 16 415 R FEB 16 370 R

17 626 R FEB 13 502 R SEP 14 415 R MAR 15 370 R

AUG 22 623 R MAR 13 500 R OCT 17 414 R

(A-42- 8)32CDD- 1 ALT. 4,100

OCT 15, 1972 604 R SEP 26, 1973 553 R JUL 22, 1976 543 R JUN 10, 1981 510 R

OCT 21 582 R

(A-42- 8)35DAB- 1 ALT. 3,736

JUL 00, 1958 395 R OCT 31, 1979 73.43 S JUN 24, 1981 67.54 S OCT 02, 1981 70.52 S

AUG 07, 1979 73.10 S MAR 24, 1981 66.80 S JUL 29 68.92 S NOV 14 71. 10 S

29 72.20 S APR 25 67.11 S AUG 25 68.45 S

SEP 26 73.15 S MAY 22 67.18 S 29 68.75 S
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Table 13.--Water levels in selected observation wells--Continued

(A-42- 8)36 CBC- 1 ALT. 3,735

JUL 02, 1~4 388 R DEC 04, 1~9 184 R OCT 17, 1974 97 R AUG 15, 1979 68 R

AUG 03 370 R 23 184 R NOV 14 97 R 28 67.44 S

SEP 08 359 R JAN 15, 1970 184 R DEC 18 97 R SEP 19 69 R

OCT 05 353 R FEB 20 184 R JAN 15, 1975 99 R 26 68.77 S

NOV 02 347 R MAR 24 182 R FEB 19 100 R OCT 17 69 R

DEC 07 341 R APR 30 183 R MAR 19 100 R NOV 16 70 R

JAN 04, 1~5 337 R MAY 28 181 R APR 16 99 R DEC 14 71 R

FEB 01 333 R JUN26 172 R MAY 14 99 R JAN 15, 1980 71 R

MAR 01 329 R JUL 29 164 R JUN 11 93 R FEB 15 71 R

APR 05 325 R AUG 24 163 R JUL 16 83 R MAR 14 69 R

MAY 03 322 R 25 163 R AUG 13 81 R APR 16 69 R

JUN 01 319 R OCT 01 161 R SEP 18 81 R MAY 14 65 R

JUL 12 311 R 29 159 R OCT 15 83 R JUN 17 55 R

AUG 09 304 R NOV 23 157 R NOV 19 83 R JUL 17 40 R

SEP 07 299 R DEC 29 155 R DEC 17 80 R AUG 13 53 R

OCT 04 295 R JAN 22, 1971 156 R JAN 14, 1976 84 R SEP 22 55 R

NOV 01 291 R FEB 23 153 R FEB 11 85 R OCT 15 58 R

DEC 13 284 R MAR 25 152 R MAR 31 82 R NOV 13 58 R

JAN 12, 1~6 280 R APR 27 151 R APR 14 82 R DEC 16 62 R

FEB 07 277 R MAY 27 149 R MAY 20 ffi R 21 61.18 S

MAR 09 274 R JUN 29 141 R JUN 23 83 R JAN 15, 1981 62 R

APR 06 271 R JUL 27 139 R JUL 22 82 R 24 62.00 S

MAY 02 268 R SEP 30 139 R AUG 17 82 R FEB 13 63 R

JUL 08 259 R OCT 22 139 R SEP 15 84 R 26 63.40 S

AUG 10 256 R NOV 18 138 R OCT 13 81 R MAR 16 63 R

SEP 07 255 R DEC 23 140 R NOV 22 84 R 24 63.59 S

OCT 03 254 R JAN 19, 1972 140 R DEC 15 ffi R APR 15 64 R

31 253 R FEB 17 141 R JAN 21, 1977 88 R 25 63.92 S

DEC 12 252 R MAR 16 139 R FEB 17 90 R MAY 15 64.00 R

JAN 09, 1~7 251 R APR 18 137 R MAR 16 91 R 22 63.97 S

FEB 07 251 R MAY 17 138 R APR 13 92 R JUN 15 63 R

MAR 08 250 R JUN 15 136 R MAY 18 90 R 24 63.95 S

APR 11 250 R JUL 21 133 R JUN 16 89 R JUL 15 62 R

MAY 01 250 R AUG 15 135 R JUL 14 87 R 29 62.80 S

JUN 02 250 R SEP 21 139 R AUG 16 84 R AUG 14 65 R

JUL 10 216 R OCT 18 140 R SEP 19 100 R 24 65.47 S

AUG 09 242 R NOV 15 138 R OCT 17 102 R 29 66.00 S

28 241 R DEC 15 138 R NOV 16 103 R SEP 15 67 R

OCT 06 239· R JAN 19, 1973 139 R DEC 13 105 R OCT 02 67.84 S

NOV 07 238 R FEB 13 141 R JAN 17, 1978 108 R 15 68 R

29 237 R MAR 14 142 R FEB 15 111 R NOV 14 68.37 S

JAN 03, 1 <;6 8 236 R APR 18 143 R MAR 09 113 R 16 71 R

29 235 R MAY 16 116 R APR 13 114 R DEC 16 69 R

FEB 26 235 R JUN 15 133 R MAY 19 112 R JAN 18, 1982 72 R

MAR 27 234 R JUL 18 120 R JUN 14 105 R FEB 16 75 R

APR 30 235 R AUG 16 115 R JUL 12 ~ R MAR 16 75 R

JUN 12 234 R SEP 19 112 R AUG 16 95 R APR 15 75 R

OCT 31 218 R OCT 16 109 R SEP 14 97 R MAY 14 72 R

DEC 27 216 R NOV 14 107 R OCT 17 99 R JUN 15 65 R

JAN 27, 1~9 215 R DEC 14 105 R NOV 17 102 R JUL 15 58 R

FEB 27 214 R JAN 16, 1974 104 R DEC 15 104 R AUG 13 56 R

MAR 27 213 R FEB 13 103 R JAN 18, 1979 107 R SEP 17 56 R

APR 21 212 R MAR 13 102 R FEB 15 109 R OCT 15 55 R

MAY 23 206 R APR 18 102 R MAR 15 109 R NOV 17 55 R

JUL 01 1~ R MAY 15 99 R APR 16 99 R DEC 15 56 R

17 193 R JUN 13 93 R MAY 16 95 R JAN 14, 1983 57 R

AUG 22 189 R JUL 17 90 R JUN 14 ffi R FEB 16 58 R

SEP 30 189 R AUG 16 93 R JUL 13 71 R MAR 16 58 R

NOV 05 lffi R SEP 18 <;6 R AUG 07 67.82 S
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in .round and aurtace water at seleoted aitell
at 25 desreee CelaiulI; DEG C, desrees Celsius: HOIL, 1lI1lUgra.. 1I per Utero J

MAONE
SIUM
OIl>

SOLVED
(MOIL
AS MJ)

SODIUM
OIl>

SOLVED
(NG/L
AS NA)

POTAS
SIUM
OIl>

SOLVED
(NG/L
AS .)

BICAR
BONATE

PET-FLO
()«l/L

AS
UC03)

ALKA
LINITY

LAB
(MOIL

AS
CAC(3)

CARBON
DIOXIDE

OIl>
SOLVED
(HO/L

AS CO2)

SULFATE
OIl>
sOLVED
(HO/L

AS 504)

CHLO
RIDE
OIl>
SOLVED
(MOIL
AS CL)

FLUO
RIDE

OIl>
SOLVED
(MG/L
AS F)

SILICA
DIS
SOLVED
(MOIL

AS
51(2)

SOLIDS
RESIDUE
AT 180

DEG. C
DIS-

SOLVED
(1t3/L)

Sa-IDS
SUM OF
CONSTI
'IUENTS

DIS
SOLVED
(MOIL)

NITRO
GEN

NITRATE
OIl>

S(LVED
(HO/L
AS H)

NITRO
GEN

NCP+N03
OIl>

Sa-VED
(HG/L
AS N)

11 6.q
'3 14
'7 7.1
'.0 264

45 110

29
38
11
~O

14

19
21
ll6

1.1
2~

38...
42
~8

18

11
18
12
~5

38

6.'
190

6.2
18
6.9

9.~

55
36

140
12

110
90
!Ii

11

2. I
16
90

1.8
1.1
2.8
1.3
~ ..
3.'
3.9
'.3
1.~

2.6

1.6
2.0
2.0

1~

13,.2
11

3.3

3.5

239

la;
140
185
320
300

280

308
ISS

1";

258
280

150
120
190
310
140

190
2GO

260

220

220

82

8.2 28
21 590
23 11
24 19

1.7 7.0

15 21
12 200
5.8 380

.8 68
9.5 112

1.1 13
2.2 19
5.9 111

10 170
30 250

24 250
8.9 250

250
26G

10

.1 <5.0
66

2.0 18
8.2 260

18 168

4.1
33
6.1
1.5
~.,

15
11
11
1.5

26

8.8
15
14
95
91

82
92
69
68
1.0

3~

1.0
20
8~

'8

0.0
1.0

.2

.6

.6

.5

.5

.2

.3

.1

.1

.1

.1

.6

.5

.5

.3

.3

.3

.0

.0.,..

.3
·3

8.1
9.2

23
32
27

30
13
9.5

10
'0

9.2
10
10

13

12
13
12

.3

11

10~

29~

126
165
205

210
1000
2~0

310
190

260
520
660
390
300

120
110
200
630
150

110
no
120
190
230

91
220
150
660
600

.68
1.10

1.20

.23

10.0
.09
.61

1.9
.a;

.5~

.61

.".11
~. 0

3.0
2.5
3.6

.98

.55

.65

.60

.05

1.3

212
52 280

25~

3.8 160

6.7 i155
23 1170

520
29 510

~8

53
~2

42

1I6
39
.8
'1

..
42
~2

50
5'

'09
120

211
2,8
220
210

2'0

162
162
150

1.3

21

18

20

305

1I6~

.80

336
356
3~9
360

106'
213
3~3

310

210

230 50
31
11
11
29

520
300
~55

~40

"0

124
130
1~0

130

'50
119
131
140

150
152
140
la;
110

.2

.2

.5

.5

.5

.6
·1

.1

.~

.5

.5

12
11
18

11

'6
18

16

903

1118
1324
1360

1000
1211

11;0
1200
830

910

1400

1200
1300

1100

.~5

.68

.~5

.68

.90

.38

.63

.6~

.99

55
5'
32
32

29
~

30
31

12

3'
28
11
20

82
15
18
16
~

25

25

21

29

28

21

29

25

25
2~

21

150
9~

88
99
95
91

3.'
59
~2

6.1
2'

'60
140
150
'50
10

l'

11

81

89

II;

82

82

88

12

13
11
16

13

11

3.0
3.1
3·2
1.9
2.8

5.8
5.6
6.3
6.0
~.O

3.5

3.1

3.6

3.9

~.O

~.O

3.6

3.6

3.6

3.5
3.6
3.8

'05
440
230
188

142
'85
116
190

ISO

160

160

'68

110

110

110

'60

110

160

160
160
110

220
110
120
150

190
180
150
130

800
1t 5110
12 340
1.5 225

2.3 210
1.i1 250

22 276
9.5 210

6.1 23
1.7 120
1.0 130

.6 15

.9 8~

1.8 770
1.1& 690
1.1 800

180
.8 240

2.6 230

1.3 210

8.5 230

2.1 250

2.7 260

2.7 250

3.2 250

3.4 250

3.2 240

6.11 230
6.J! 230
Q.3 260

71

'88
160

81
62

60
5~

5~

59

5.2
.8
45

'0'22

21
23
26
3~

50

53

58

65

62

62

62

60

61

41

'9
52
52

.5

.8

.1

.1

.1

.8

.8

.2

.3

.3

.1

.2

.3
·3
.3
.3
.)

·3

·3

.3

.3

·3

.2

.3

.3..
·3
.3.,

8.0
'6
15

14

'2
20
20
26
21

11
11
12
11
1.5

1.4

1.6

8.0

1.3

8.'

6.6

8.0

8.2

8.3

8.0
8.1
8.2

8~2

58~

60~

688

162

5'3

548

'"
623

635

633

613

602

61~

515

5~3

566
590

2000
11100
830
530

6 ~o

160
~80

440
110
320

1300
1200
1300
1300
5~0

540

530

580

600

610

590

580

600

550

530
550
590

.90

.68
.6 ~

.18

.5~

.24

.09

.16

.63

.51

.53

.53

.15

.55

.ll6

.61

.53

.58

.55

.65



Table 15.--\later levels of Lake Powell at Glen Canyon Dam, 1gl3-82
[Water levels are in feet above sea level. ]

\lATER \lATER \lATER \lATER

DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

MAR 31, 19)3 3233.40 APR 30, 19) 8 3514.04 MAY 31, 1973 3616.52 JUN 30, 1978 3649.65

APR 30 3282 .20 MAY 31 3522.24 JUN 30 3636.36 JUL 31 3652.29

MAY 31 3342.50 JUN 30 3547.00 JUL 31 3644.05 AUG 31 3645.80

JUN 30 3370.50 JUL 31 3546 .10 AUG 31 3645.25 SEP 30 3640.17

JUL 31 3372.20 AUG 31 3548.73 SEP 30 3646 .02 OCT 31 3637.28

AUG 31 3382.40 SEP 30 3545.35 OCT 31 3645.80 NOV 30 3636.08

SEP 30 3393.60 OCT 31 3543.39 NOV 30 36116 .85 DEC 31 3632.83

OCT 31 3397.83 NOV 30 3541.67 DEC 31 3648.84 JAN 31, 1979 3628.84

NOV 30 3404.73 DEC 31 3539.29 JAN 31, 1974 3647.09 FEB 28 3627.99

DEC 31 3409.73 JAN 31, 19l9 3540.22 FEB 28 3648.49 MAR 31 3635.03

JAN 31, 19l4 3414.60 FEB 28 3542.87 MAR 31 3651.14 APR 30 36116 .28

FEB 28 3414.80 MAR 31 3543.65 APR 30 3652.34 MAY 31 3663.76

MAR 31 3410.20 APR 30 3552.61 MAY 31 3662.30 JUN 30 3680.40

APR 30 3397 .70 MAY 31 3571.49 JUN 30 3667.35 JUL 31 3684.32

MAY 31 3436.10 JUN 30 3579.95 JUL 31 3662.62 AUG 31 3680.79

JUN 30 3472.48 JUL 31 3580.54 AUG 31 3655.82 SEP 30 3678.10

JUL 31 3484.35 AUG 31 3575.94 SEP 30 3651. 73 OCT 31 3676.13

AUG 31 3490.28 SEP 30 3573.32 OCT 31 3650.71 NOV 30 3673.50

SEP 30 3491.69 OCT 31 3574.90 NOV 30 3649.ll6 DEC 31 3672.68

OCT 31 3491.70 NOV 30 3574.21 DEC 31 3648.27 JAN 31, 1980 3673 .03

NOV 30 3491.42 DEC 31 3572.11 JAN 31, 1975 3645.78 FEB 28 3674.26

DEC 31 3491.94 JAN 31, 1970 356 9.37 FEB 28 3645.34 MAR 31 3675.54

JAN 31, 19)5 3491.41 FEB 28 3570.13 MAR 31 36116 .10 APR 30 3677.64

FEB 28 3491.91 MAR 31 3571.27 APR 30 3647.81 MAY 31 3691. 72

MAR 31 3491.88 APR 30 3566.65 MAY 31 3655.60 JUN 30 3700.50

APR 30 3490.91 MAY 31 3582.13 JUN 30 3668.90 JUL 31 36 g) .40

MAY 31 3491.82 JUN 30 3599.13 JUL 31 3674.81 AUG 31 3690.48

JUN 30 3510.85 JUL 31 3600.88 AUG 31 3671.89 SEP 30 3687.78

JUL 31 3530.91 AUG 31 3597.90 SEP 30 3668.06 OCT 31 3685.47

AUG 31 3531.34 SEP 30 3598.87 OCT 31 3666.57 NOV 30 3682.81

SEP 30 3530.12 OCT 31 3599.84 NOV 30 3667.15 DEC 31 3681.28

OCT 31 3531.57 NOV 30 3600.89 DEC 31 3667.88 JAN 31, 1981 3679.57

NOV 30 3531. 93 DEC 31 3599.78 JAN 31, 1976 3666.77 FEB 28 3678.09
DEC 31 3534.44 JAN 31, 1971 3600.79 FEB 28 3665.43 MAR 31 3677.75
JAN 31, 19)6 3536.00 FEB 28 3602.66 MAR 31 3664.70 APR 30 3677 .25
FEB 28 3534.11 MAR 31 3602.lIi APR 30 3664.17 MAY 31 3677.76
MAR 31 3536.06 APR 30 3603.62 MAY 31 3667.76 JUN 30 3680.61
APR 30 3538.76 MAY 31 3608.73 JUN 30 3672.16 JUL 31 3677.79
MAY 31 3544.54 JUN 30 3620.79 JUL 31 3670.39 AUG 31 3673.44
JUN 30 3545.12 JUL 31 3620.80 AUG 31 3667.44 SEP 30 3671.g)

JUL 31 3541.05 AUG 31 3617.31 SEP 30 3664.00 OCT 31 3671.94
AUG 31 3535.43 SEP 30 3614.25 OCT 31 3661.24 NOV 30 3670.68

SEP 30 3531.lIi OCT 31 3614.15 NOV 30 3657.89 DEC 31 3667.47

OCT 31 3527.29 NOV 30 3612.42 DEC 31 3655.31 JAN 31, 1982 3663.75

NOV 30 3523.92 DEC 31 3609,56 JAN 31, 1977 3651.78 FEB 23 3662.75

DEC 31 3522.39 JAN 31, 1972 3607.87 FEB 28 3651.38 MAR 31 3663. g)

JAN 31, 19l7 3517.39 FEB 28 3609.51 MAR 31 3651.20 APR 30 3665.59
FEB 28 3515.15 MAR 31 3612.74 APR 30 3652.63 MAY 31 3674.59
MAR 31 3515.22 APR 30 3610.58 MAY 31 3654.27 JUN 30 3684.92
APR 30 3514.58 MAY 31 3611.92 JUN 30 3653.65 JUL 31 3687.35
MAY 31 3509.69 JUN 30 3619.57 JUL 31 3649.36 AUG 31 3686.64
JUN 30 3529.15 JUL 31 3615.43 AUG 31 3642.48 SEP 30 3687.27
JUL 31 3532.53 AUG 31 3609.12 SEP 30 3636.70 OCT 31 3687.65
AUG 31 3530.48 SEP 30 3603.40 OCT 31 3635.65 NOV 30 3686.26
SEP 30 3528.45 OCT 31 3609.09 NOV 30 3634.62 DEC 31 3684.74
OCT 31 3528.40 NOV 30 3609.51 DEC 31 3630.05
NOV 30 3528.40 DEC 31 3606 .20 JAN 31, 1978 3625.02
DEC 31 3527.30 JAN 31, 1973 3601.04 FEB 28 3622.71
JAN 31, 19l8 3525.23 FEB 28 3600.68 MAR 31 3622.69
FEB 28 3526 .09 MAR 31 3598.12 APR 30 3626 .85
MAR 31 3520.48 APR 30 3590.63 MAY 31 3635.62

-------
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Table 16.--Chemical analyses of trace elements
[Abbrev ia tions used in column headings are as follows:

Station number or name: See "Numbering system for hydrogeologic-data sHes", p. 5, and figure 2.
Site: aw, ground water; LK, lake; SF, spring; SW, stream.
Geologic unit: 220NV JO, Navajo Sandstone; 220GLNC, Glen Canyon Group; 221 ENRD, Entrada Sandstone.

STATION NUMBER OR NAME

GEO
LOGIC

SITE UNIT

DATE
OF

SAMPLE
ARSENIC

TDTAL
(.glL
AS AS)

ARSENIC
DIS

SOLVED
(,gIL
AS AS)

BARIUM
DIS

SOLVED
( .g/L
AS BA)

BORON
DIS

SOLVED
( .g/L

AS B)

----------------------------~----------_._----------------------

(C-41- 3) 4BCA
(C-43- 1) 3BAC
(D-33- 4 )35BBD-

36 ABB
(D-33- 5 )31 ADC-

(D-34- 4) lCAD
(D-35- 3) 8ABA
(D-43- 1) 2BDD
(D-43- 2)13DCD
(A-39- 4) 6CBB-

GW 220NVJO 81-06-12
GW 220NVJO 81-02-25
GW 220NVJO 81-D4-23
GW 220NVJO 81-09-01
GW 220NVJO 81-09-01

GW 220NVJO 81-09-01
GW 221ENRD 81-09-03
GW 220NVJO 79-09-26
GW 221ENRD 81-06-18
GW 220GLNC 76-08-05

o
1
6

22
3

12
o

11

500
50

300
270

57

78
37
30

100
40

(A-40- 5)12DDB
33CBC

(A-41- 4)28ADA
(A-41- 8) 4DDA-

GW
GW
GW
GW

220NVJO
220NVJO
220GLNC
220NVJO

76-0&-05
76-0&-05
76-0&-06 ,

~~=~t~;1
<10

1

30
40
30

14BCA- 1

14BCB- 1

77-10-18
81-0&-31

GW 220NVJO 77-10-19
81-04-02

GW 220NVJO 5&-03-102

13
13

2
4

36

40

130

110

ESCALANTE R AB BOOLDER CR AT (D-35- 5 )22BBB SW
BOOLDER CREEK AT MOOTH AT (D-35- 5)22BBB SW
ESCALANTE R AB TRIB AT (D-37- 7) 6DCD SW
PARIA R AB SHEEP CR AT (C-39- 2)17BDB SW
PARIA R AB DEER CR AT (C-40- 2) 4AAB SW

220

160

110

390

100
90
90

100
90

530

44

30

100

140
71

8,
63
85
46
53

59
60

200

<5
1

33

40

40

1
2
2
3
1
1
2

60

70
30
40

36
37
30

50

30

50
90

60
59

40
70
30
40
40

<5

48

36
37

50

52

50
90
60
50

<10
10

81-10-21
81-10-21
81-10-22
81-10-23
81-10-23

81-10-23

~~=~~=~~1
77-02-03
77-05-03
77-0&-09
77-11-04

220NVJO
220NVJO

220NVJO

220NVJO

220NVJO

220NV JO

220NVJO

GW
GW

GW

GW

GW

GW

GW

81-0&-29
5 &-03_102

~;=~t~~1
73-0&-'5 '

77-09-09 '
77-09-09'

~~=~=~~2
77-04-05

2

77-04-052

77-09-13
2

~~=;~=~~1
81-04-22

76 _11_002

77-03-01 2

77-04-00
'77-04-052

77-09-132

77-0 9-2 i,
77-09-28

~~=~~=~~1
5&-0&-203

;t~tg~
76-11-002

77-04-052

77-04-052

77-09-132

ii=~~=6~1
SP 220NVJO 79-09-25
SW 81-10-21

SW
SW
LK
SW

36CCC- 2

35DAB- 2

36 CBC- 1

35DCD- 1

23DAC
23DCD-

(A-42- 8)32CDD- 1

(C-40- 1)23BBA-Sl
ESCALANTE R AB MAMIE CR AT (D-35- 4) 7BDD

PARIA R 3 HI SO HY 89 AT (C-43- 1)15AAC
PARIA R AB KAIBAB GULCH AT (C-44- 1)12CCA
LAlE POWELL AT (A-42- 8J36CAB
COLORADO R AT LEES FERRY, AZ

-------------------------------------------------
~From files of U.S. Geological Survey, source of data unknown.
3Analysis by Arizona State Department of Health.

Analysis by Arizona Testing Laboratories, Phoenix, Arizona.
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in ground and surface water at selected sites
Ilg/L, micrograms per liter; pci/L, picocuries per liter. J

--_._---_._----
CHRo-

CADMIUM MIUM COPPER MERCURY IRON LEAD SELE- SILVER STRON- ZINC POTAS-
TOTAL TOTAL COBALT TOTAL TOTAL TOTAL IRON TOTAL NIUM TOTAL TIUM TOTAL SIUM 40
RECOV- RECOV- OIS- RECOV- RECOV- RECOV- DIS- RECOV- DIS- RECOV- DIS- RECOV- OIS-
ERABLE ERABLE SOLVED ERABLE ERABLE ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED
( Ill!/L ( .g/L ( .g/L ( .g/L ( .g/L ( .g/L ( .g/L (.g/L ( .g/L ( .g/L ( .g/L ( .g/L ( pci/L
AS CD) AS CR) AS CO) AS CU) AS HG) AS FE) AS FE) AS PB) AS SE) AS AG) AS SR) AS ZN) AS K40)

30 0 230 1.3
1500 0 3600 5.3

10 0 220 2.1
<10 1 760

19 0 240

<10 \li0
<10 2000

<3 39 1600
<10 70 1.0
<10

<10
<10
<10

<20 <20 <50 <5.0 <50 <20 <70

60
37 1300
40
30 1100 8.2

0

12 49
0

10 300
<20 <20 <50 <5.0 <50 <30 <20 50
<20 <20 <50 <5.0 <50 <50 <20 70

<5 <20 <50 <5.0 <20 <2 <65
110 <5

60 1 1500 5.4
<10 <10 <50 <5.0 <50 <50 <10 <10

<5 <20 1120 <5.0 740 <20 <20 <50

<5 <20 60 <5.0 13 <20 <20 50
170

230 1500 13

<20 <20 <50 <'5 100 <50 <20 <60

<5 <20 <50 <5.0 <50 <20 <20 <50

10
10

70 21

150 30
<10 <10 <50 <.5 <50 <50 <10 <50
<20 <20 <50 <'5 2040 <50 <20 100

<5 <20 <20 <.5 1070 <50 <20 100

<5 <20 <50 <5.0 150 <20 <20 <50
180

<3 <10 1500
<10 <1 550

<10 <1 630
23 <1 200

<10 <1 440
<10 1 2300
<10 1 2400

<10 2600
<10 2600
30 4

<20 <2 <20 1.1 850 <10 <200 3 20
<20 <20 <'5 30 <10 <200 3 20
<20 <20 <'5 <10 30 <200 5 20
<20 <20 <.1 50 <10 <200 4 <20 <20
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RJBLICATIDNS OF 'mE UTAH IEPAR'IMENT OF NA'IDRAL RESaJRCES,
DIVISION OF WNIER RIGHTS

(*)-Dut of Print

'lECHNIQ\L PmLICATIOOS

*No. 1. Underground leakage fran artesian wells in the Flavell area, near
Fillmore, Utah, 1:¥ Penn Livingston and G. B. Maxey, U. S. Gecr
logical Survey, 1944.

No.2. 'D1e Ogden Valley artesian reservoi r, weber County, Utah, 1:¥ H. E.
'D1anas, u. S. Geological Survey, 1945.

*No.3. Ground water in Favant Valley, Millard County, Utah, 1:¥ P. E.
Dennis, G. B. Maxey and H. E. 'D1anas, U.S. Geological Survey,
1946.

*No.4. Ground water in Tooele Valley. Tooele County, Utah, 1:¥ H. E.
'D1anas, U.S. Geological Survey, in Utah State Engineer 25th
Biennial Rep:>rt, p. 91-238, pls. 1-6, 1946.

*No.5. Ground water in the East Shore area, Utah: Part I. Bountiful
District, I:avis County, Utah, 1:¥ H. E. 'Ihanas and W. B. Nelson,
U.S. Geological Survey, in Utah State Engineer 26th Biennial
ReIX>rt, p. 53-206, pls. 1-2, 1948.

*No.6. Ground water in the Escalante Valley, Beaver, Iron, and Washington
Counties, Utah, 1:¥ P. F. Fix, W. B. Nelson, B. E. Lofgren, and R.
G. Butler, U.S. Geological Survey, in Utah State Engineer 27th
Biennial Rep:>rt, p. 107-210, pls. 1-10, 1950.

No.7. Status of d€l7elopnent of selected ground-water basins in Utah, by
H. E. '!banas, W. B. Nelson, B. E. Lofgren, and R. G. Butler, U.S.
Geological Survey, 1952.

*No.8. Conspunptive use of water and irrigation rEquiranents of crops in
utah, i::¥ c. o. a:>skelly and W. D. Criddle, Utah State Engineer's
Office, 1952.

No.8. (R€I7ised) Consunptive use and water requiranents for utah, 1:¥ W.
D. cridcU.e, Karl Harris, and L. S. Willardson, Utah State
Engineer's Office, 1962.

No.9. Progress rep:>rt on selected ground water resins in Utah, 1:¥ H. A.
Wai te, W. B. Nelson, and others, U. S. Geological Survey, 1954.

*No. 10. A oompilation of chanical qlBlity data for ground and surface
waters in Uta.h, by J. G. Connor, C. G. Mitdlell, and others, U. S.
Geological Survey. 195 8.

*No. 11. Ground water in northern Utah Valley, Utah: A progress rep:>rt for
the period 1948-63, i::¥ R. M. CordOlTa and Seymour Subitzky, U.S.
Geological Survey. 1965.
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*No. 12. ReelTaluation of the ground-water resources of Tooele Valley, Utah,
by J.S. Gates, U.s. Geological Survey, 1965.

*No. 13. Ground-water resources of selected resins in soLItlMestern Utah, !::¥
G. w. sandberg, U. S. Geological Survey, 1966.

*No. 14. water- resources appraisal of the Snake Valley area, Utah and
NelTada, by J. w. Hood and F. E. Rush, U. S. Geological Survey,
1966.

*No. 15. water fran redrock in the Cblorad:> Plateau of Utah, !::¥ R. D.
Fel.tis, u.S. Geological Survey, 1966.

*No. 16. Ground-water oondi tions in cedar Valley. Utah Cbunty, Utah,!::¥ R.
D. Fel tis, U. S. Geological Survey, 1967.

*No. 17. Ground-water resources of northern Juab Valley, Utah,,!::¥ L. J.
Bjorklund, U. S. Geological Survey, 1968.

No. 18. Hydrologic reoonnaisssance of Skull Valley. Tooele Cbunty, Utah !::¥
J. W. Hood and K. M. Waddell, U. S. Geological Survey, 1968.

No. 19. An appraisal of the quality of surface water in the SelTier Lake
resin, Utah, !::¥ D. C. Hahl and J. C. Mundorff, U.S. Geological
Survey. 196 8.

No. 20. Extensions of streamflG/ records in Utah, !::¥ J. K. Reid, L. E.
ca.rroon, and G. E. Iyper, U.S. Geological Survey, 1969.

No. 21. Sunmary of maximun disdlarges in Utah streams, !::¥ G. L. Whitaker,
u.S. Geological Survey, 1969.

No. 22. Rea:>nnaissance of the ground-water resources of the upper Franont
River valley, Wayne Cbunty, Utah, by L. J. Bjorklund, U. S.
Geological Survey, 196 9.

No. 23. Hydrologic reconnaissance of Rush Valley, Tooele Cbunty, Utah, !::¥
J. W. Hood, Ibn Price, and K. M. Waddell, u.S. Geological Survey,
1969.

No. 24. Hydrologic reconnaissance of Deep Creek valley, Tooele and Juab
Cbunties, Utah, and Elko and White Pine Cbunties, NelTada, by J. W.
Hood and K. M. Wadrell, U.S. Geological Survey. 1969.

No. 25. Hydrologic reoonnaissance of CUrlew Valley, Utah and Idaho, !::¥ E.
L. BoIke and Ibn Price, U.S. Geological Survey. 1969.

No. 26. Hydrologic reoonnaissance of the Sink Valley area, Tooele and Box
Elder Cbunties, Utah, !::¥ Ibn Price and E. L. BoIke, U. S.
Geological Survey, 1970.

No. 27. Water resources of the Herer-Kamas-Park City area, north-central
utah, I:¥ C. H. Baker. Jr., u.s. Geological Survey, 1970.
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No. 28. Ground-water conditions in southern Utah Valley and Goehen Valley.
Utah, l:¥ R. M. COrdolTa, u.s. Geological Survey, 1970.

No. 29. Hydrologic reconnaissance of Grouse Creek valley, Box Elder
COunty, utah, by J. W. Hood and Q:m Price, U.S. Geological Survey,
1970.

No. 30. Hydrologic reconnaissance of the Park Valley arEXl, Box Elder
county, Utah, by J. W. Hood. U. S. Geological Survey, 1971.

No. 31. water resources of sal t Lake Q:>unty, Utah, 1:¥ A. G. Hely. R. W.
MQtler, and C. A. Harr, U.S. Geological Survey, 1971.

No. 32. Geology and water resources of the Sp:mish Valley arEXl, Grand and
san Juan COunties, utah, 1¥ C. T. Sunsion. u.S. Geological Survey,
1971.

Hansel Valley and northern Rozel
by J. W. Hood, U.S. Geological

Hydrologic reconnaissance of
F.l.at, Box Elder COunty, Utah,
Survey, 1971.

No. 34. Sunmary of water resources of sal t Lake COunty. Utah, 1¥ A. G.
Hely, R. W. McMer, and C. A. Harr. u.S. Geological Survey, 1971.

No. 33.

No. 35. Ground-water conditions in the East Shore arEXl, Box Elder, Lavis,
and Weber COunties, Utah, 1960-69, I:¥ E. L. BoIke and K. M.
Waddell, U. S. Geological Survey. 1972.

No. 36. Ground-water resources of cache Valley, Utah and Idaho, I:¥ L. J.
Bjorklund and L. J. McGreery, U.S. Geological Survey, 1971.

No. 37. Hydrologic reconnaissance of the Blue Creek Valley area, Box Elder
COunty, Utah, 1¥ E. L. BoIke and IX>n Price, u.S. Geological
Survey, 1972.

No. 38. Hydrologic reconnaissance of the Pranontory Mountains arEXl, Box
Elder COunty, Utah, by J. W. Hood, U.S. Geological Survey, 1972.

No. 39. Reconnaissance of chanical quality of surface water and flwial
sediment in the Price River Basin, Utah, by J. C. Mundorff, U. S.
Geological Survey. 1972.

No. 40. Ground-water conditions in the central Virgin River l::asin. Utah,
l:¥ R. M. COrdolTa. G. W. sandberg, and Wilson McCbnkie, U. S. Gecr
logical SurvE.y. 1972.

No. 41. Hydrologic reconnaissance of Pilot Valley. Utah and Ne.rada, 1¥ J.
C. StePlens and J. W. Hood, U.S. Geological Survey, 1973.

No. 42. Hydrologic reconniassance of the northern GrEXlt Sal t Lake Desert
and suranary 1¥dro1ogic reconnaissance of nortl'western utah, by J.
C. StePlens, U.S. Geological Survey. 1973.
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No. 43. Water resouroos of the Milford area, Utah, with anIhasis on ground
water, 1:¥ R. W. Mcwer and R. M. CordolJa, U. S. Geological Survey,
1974.

No. 44. Ground-water resouroos of the laver Bear River drainage resin, Box
Elder County, utah, 1::¥ L. J. Bjorklund and L. J. Md;reevy, u.s.
Geological Survey, 1974.

No. 45. Water resouroos of the Olrl&l Valley drainage resin, utah and
Idaho, 1:¥ C. H. Baker, Jr., u.s. Geological Survey, 1974.

No. 46. Water-quality reconnaissanoo of surfaoo inflav to utah Lake, 1:¥ J.
C. Mundorff, U. S. Geological Survey, 1974.

drainage resin,
Stelhens, u.S.

47. Hydrologic reconnaissanoo of the Wah Wah Valley
Millard and Beaver Counties, utah, 1::¥ J. C.
Geological Survey, 1974.

No. 48. Estimating mean strearnflav in the Dud1esne River resin. Utah, 1:¥
R. W. Cruff, u.S. Geological Survey, 1974.

No.

No. 49. Hydrologic reconnaissanoo of the southern Uinta Basin, Utah and
Colorado, 1:¥ Ibn Price and L. L. Miller, u. S. Geological Survey,
1975.

No. 50. 8eep:1ge stuc¥ of the Rocky IOint Ginal and the Grey Mountain
Pleasant Valley Ginal &ystans, IAld1esne County, Utah, 1::¥ R. W.
Cruff and J. W. Hood, U.S. Geological Survey, 1976.

No. 51. Hydrologic reconnaissanoo of the Pine Valley drainage resin,
Millard, Beaver, and Iron Counties, Utah, 1:¥ J. C. SteIhens, U.S.
Geological Survey, 1976.

No. 52. Seep:tge stuc¥ of canals in Beaver Valley, Beaver County, Utah, 1:¥
R. W. Cruff and R. W. Mcwer, U.S. Geological Survey, 1976.

No. 53. Characteristics of cquifers in the mrthern Uinta Basin area, Utah
and Colorado, I:¥' J. W. Hood, U.S. Geological Survey, 1976.

No. 54. Hydrologic evaluation of Ashley Valley, northern Uinta Basin area,
Utah, by J. W. Hood, U.S. Geological Survey, 1977.

No. 55. Reconnaissanoo of water quality in the Dudlesne River resin and
sane adjaoont drainage areas, utah, 1::¥ J. C. Mundorff, U. S.
Geological Survey, 1977.

the Tule Valley drainage msin, Juab
by J. C. SteIilens, U. S. Geological

No. 56. Hydrologic reconnaissanoo of
and Millard Cbunties, Utah,
Survey, 1977.

No. 57. Hydrologic evaluation of the ~r Dud1esne River valley, northern
Uinta Basin area, Utah, by J. W. Hood, U. S. Geological Survey,
1977.
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No. 58. seep:1ge study of the Sev ier Val ley-Piute canal, BelT ier Cbunty,
utah, 1:¥ R. w. Cruff, U. S. Geological Survey, 1977.

No. 59. Hydrologic reoonnaissana: of the DugNay Valley-GaTernnent Creek
area, west-a:ntral utah, by J. C. SteP:1ens and C. T. Sunsion, U. S.
Geological Survey. 197 8.

No. 6 O. Ground-water resoura:s of the Paravan-cedar Ci. ty drainage resin.
Iron Cbunty, utah, 1:¥ L. J. Bjorklund, C. T. Sunsion, and Ga W.
sandrerg, U. S. Geological Survey. 1978.

No. 61. Ground-water conditions in the Navajo sandstone in the a:ntral
Virgin River l:asin. Utah, l:¥ R. M. CbrCbva, U.S. Geological
Survey, 1978.

utah and
1:¥ J. W.

Water resoura:s of the northern Uinta Basin area,
Colorado, with s~cial anIhasis on ground-water supply,
Hood and F. K. Fields, u.S. Geological Survey. 1978.

No. 63. Hydrology of the Beaver Valley area, Beaver Cbunty, Utah, with
anP:1asis on ground water, 1:¥ R. W. bier, u.S. Geological survey.
1978.

No. 62.

No. 64. Hydrologic reoonnaissana: of the Fish Springs Flat area, 'Iboele.
Jua.b, and Millard Cbunties, Utah, 1::¥ E. L. BoIke and C. T.
Sunsion, U. S. Geological Survey, 1978.

No. 65. Reoonnaissana: of dlanical quality of surface water and fllNial
sediment in the Dirt:¥ Devil River resin, Utah, 1::¥ J. C. Munoorff,
u.S. Geological Survey, 1978.

No. 66. Jquifer tests of the Navajo sandstone near Giineville, Wayne
Cbunty, Utah, by J. w. Hood and Ta W. D:1nielson, U. S. Geological
Survey, 1979.

No. 67. seep:1ge study of the West Side and West canals, Box Elder Cbunty,
utah, 1¥ R. Wa Cruff, UaSa Geological Survey, 1900.

No. 68. Bedrock cq:uifers in the lCMer Dirt:¥ Devil River resin area, Utah,
with s~cial anP:1a,sis on the Navajo sandstone, by J. w. Hood and
T. W. ranielson, U. S. Geological Survey. 1900.

No. 69. Ground-water conditions in 'Iboele Valley, Utah, 1976-78, l:¥ A. C.
~an and J. I. Steiger, u.S. Geological Survey. 1900.

No. 70. Ground-water conditions in the Up~r Virgin River and Kanab Creek
resins area, utah, with anP:1asis on the Navajo sandstone, 1:¥ R. M.
CordoJa, U. S. Geological Survey, 1981..

No. 71. Hydrologic reoonnaissana: of the Southern Great Sal t Lake IRsert
and sumnary of the lwdrology of West-central Utah, by JoseP:1 S.
Gates and Stacie A. KrLEr, u.S. Geological Survey. 1900.
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No. 72. Reronnaissance of the quality of surface water in the san Rafael
River resin, utah, by J. C. Mundorff and Fendall R. 'D1anpson, u. S.
Geological Survey, 1982.

Escalante Desert, utah,
MaYer, u. S. Geological

Hydrology of the Beryl-Enterprise area,
with anIhasis on ground water, t¥ R. W.
Survey. 1982.

No. 74. seeplge stu<¥ of the Sevier River and the central utah, McIntyre,
and Leamington canals, Juab and Millard Counties, Utah, t¥ L. R.
Herl:ert, R. W. Cruff, Wal ter F. Holmes, U. S. Geological Survey.
1982.

No. 73.

No. 75. Consunptive use and water r~ui ranents for utah, t:¥ A. Leon Huber,
Frank W. Haws, 'ItE!ITor C. Hughes, J~ M. Bagley, Fenneth G.
Hubtard, and E. Arlo Richardson, 1982.

No. 76. Feronnaissance of the quality of surface water in the Wel:er River
resin, Utah, t:¥ Kendall R. 'nlanpson, U. S. Geological Survey, 1983.

No. 77. Ground-water reconnaissance of the central Wel:er River area,
Morgan and Sunmit Counties, Utah, JoseIil S. Gates, Juc:¥ I.
Steiger, and Ronald T. Green, u.S. Geological Survey, 1984.

No. 78. Bedrock a:auifers in the northern San Rafael Stlell area, Utah, with
special anIhasis on the Navajo sandstone, J. W. Hood and D. J.
Patterson, U.S. Geological Survey, 1984.

No. 79. Ground-water twdrology and proj ected effects of
withdrawals in the SE!lTier Desert, utah, W.
preplration) •

ground-water
F. Holmes (in

No. 80. Ground-water resources of northern utah Valley, Utah, D. W. Clark
and C. L. Appel (in preIBration).

No. 81. Ground-water comitions in the KaiIBrCMits Plateau area, utah and
Arizona, with anIhasis on the Navajo sandstone, Paul J. Blanchard.

No. 82 • seep3.ge study of six Qlnals in Sal t Lake county, Utah. L. R.
Herl:ert, R. W. Cruff, and K. M. waddell
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WA'IER CIRCllLARS

No. 1. Ground water in the Jordan VallE¥. Sal t Lake COlmty, Utah, t¥ Ted
Arnow, U.s. Geological Survey, 1965.

No.2. Ground water in Tooele Valley, Utah, I:¥ J. S. Gates and o. A.
Keller, U.S. Geological Survey, 1970.

BASIC-DATA REIOR'IS

*No. 1. IEcords and water-le.vel measuranents of selected wells and chem
ical analyses of ground water, East Shore area, I:avis, Weber, and
Box Elder Cbunties, Utah, I:¥ R. E. ani th, U. S. Geological Survey,
1961.

No.2. lEoords of selected wells and SIZings. selected drillers' logs of
wells, and chanical. analyses of ground and surface waters,
northern Utah Valley, Utah Cbunty, Utah, I:¥ Seymour Subitzky, U.S.
Geological Survey, 1962.

No.3. Ground-water data, rentral SE.Vier VallE¥, p3.rts of san~te,

Swier, and Piute Cbunties, Utah, 1:::¥ C. H. car~nter and R. A.
Young, U.S. Geological SurvE¥, 1963.

*No.4. Selected lydrologic data, Jordan Valley, salt Lake Cbunty, Utah,
1:¥ I. W. Marine and Don Prire. U.S. Geological Survey, 1963.

*No.5. Selected l¥drologic data, Pavant Valley, Millard Cbunty, Utah, by
R. W. lbler, U.S. Geological Survey. 1963.

*No.6. Ground-water data, p3.rts of Washington, Iron, Beaver, and Millard
Counties, Utah, 1:::¥ G. w. sandberg, U.S. Geological Survey, 1963.

No.7. Selected lydrologic data, Tooele Valley, Tooele Cbunty, Utah, by
J. S. Gates, U.S. Geological Survey. 1963.

No.8. Selected l¥drologic data, up~r Swier River tasin. Utah, 1:¥ C. H.
carpenter, G. B. Robinson, Jr., and L. J. Bjorklund, U.S. Geo
logical Survey, 1964.

*No.9. Ground-water data, SE.Vier, Desert, Utah, 1:::¥ R. W. lbler and R. D.
Feltis, U.S. Geological Survey, 1964.

No. 10. Quality of surfare water in the SE.V ier Lake tasin. Utah, 1:::¥ D. C.
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